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23.  (U)  The  participation  of  vitanln  A  lsoners  In  the  visual  process  has  been  known 

for  sons  tine,  while  ot'  sr  functions  of  the  vitanln  which  became  evident  In  different 
an  Inals  remain  obscure.  Of  obvious  nllltary  Interest  is  Its  apparent  nsrticlpatlon  In 
resistance  to  Infection  and  strese.  Its  Involvement  In  dark  adaptation,  and  Its  require¬ 
ment  for  wound  healing.  Vitamin  A  Is  also  responsible  for  normal  differentiation  of 
epithelial  tissues  such  as  In  the  respiratory  tract.  In  order  to  provide  a  better 
rationale  for  the  use  of  vitamin  A  and  Its  requirements.  Investigations  will  be  conducted 
on  vitamin  A  requirements  at  the  molecular  level.  These  studies  will  be  designed  to 
determine  the  specific  tissue  functions  of  vitamin  A  and  its  active  fore. 

2*.  Wl»')  Studies  should  be  conducted  on  the  lnvolvetwnt  of  vitamin  A  In  glvcoproteln 

biosynthesis,  on  sulfur  amino  acid  metabolism  and  sulfation,  on  cell  and  tissue 
membrane  synthesis,  on  wound  healing  and  Infection,  and  on  DNA  and  RNA  metabolism. 

Studies  will  use  tissue  and  organ  culture  techniques,  cellular  blocking  agents,  labeled 
substrates,  electron  microscopy,  and  other  methods.  Partlculer  attention  should  be 
focused  on  the  effects  of  vitamin  A  on  the  maintenance  of  different  organ  cultures  of 
the  respiratory  tract  since  these  tissues  are  particularly  susceptible  to  Injury  from 
airborne  chemical  and  biological  exposure. 

25.  (U)  77  10  -  73  09  Human  plasma  has  been  fractionated  by  ion-exchange  chromatog¬ 

raphy  to  obtain  fractlona  which  are  enriched  with  Prealbumln-Retlnol  Binding  Protein 
(PA-RbP;  Fraction  IV)  and  another  fraction  (Fraction  III)  which  contains  no  vitamin  A 
but  which  contains  a  protein  with  a  fluorceence  excitation  spectrum  almost  Identical  to 
t.iat  of  PA-UP.  Fractions  III  and  IV  are  being  used  to  prepare  pure  PA-RBP,  PA,  UP  and 
to  purify  and  characterise  the  protein  In  Fraction  III  with  the  fluorescent  character¬ 
istics  of  whole  UP.  This  work  unit  is  terminated  due  to  directed  realignment  of  the 
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ABSTRACT 

PROJECT  NO.  3A161101A91C  In-House  Laboratory  Independent 

Research 

WORK  UNIT  NO.  040  The  Molecular  Basis  of  Vitamin 

Activity 

The  following  Investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  2  Development  of  a  microfluorometric 

assay  for  vitamin  A 

The  most  widely  accepted  method  for  extracting  serum  and  plasma  vitamin 
A  is  a  coloriraitric  method  which  measures  the  Intensity  of  the  color 
produced  when  trlf luoracetic  acid  reacts  with  the  vitamin  A  (retinol 
plus  carotene)  obtained  in  a  hexane  extract  of  the  plasma  or  serum 
samples.  Previous  studies  in  this  laboratory  have  required  plasma 
samples  of  2  ml  to  perform  the  analyses.  A  mlcronethod  has  now  been 
established  which  requires  only  0.5  ml.  Computer  programs  have  been 
written  to  perform  calculations  and  comparisons  of  standards  and  samples 
to  Insure  the  procedure  conforms  to  the  new  DUEL’  Good  Laboratory  Prac¬ 
tices  regulations.  The  disadvantages  of  the  assay  have  been  discussed 
in  a  previous  report  from  this  laboratory  and  a  study  was  initiated  to 
compare  the  results  obtained  with  colorimetric  assay  with  those  using 
a  direct  fluorometric  method.  A  good  correlation  was  found  between  the 
colorimetric  and  fluorometric  assays,  as  well  as  an  immunological  method 
for  determining  plasma  retinol  binding  protein  (RBP).  During  the  course 
of  these  studies  evidence  was  obtained  which  suggested  that  a  second 
plasma  protein,  not  containing  vitamin  A  (retinol)  and  chromatographl- 
cally  distinct  from  retinol  binding  protein,  had  a  fluorescence  excita¬ 
tion  and  emission  spectrum  which  was  quite  similar  to  that  of  retinol 
binding  protein.  Since  this  protein  could  potentially  Interfere  with 
the  vitamin  A  analyses  using  the  direct  fluorometric  method,  studies 
were  initiated  to  separate  RBP  from  the  interfering  protein  conveniently. 
This  was  accompl ished  by  ion-exchange  chromatography  or  PEAE-Sephsdex. 

The  contaminating  protein  has  been  tentatively  identified  as  the  blue 
opper-containing  protein  -eruloplasnin. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  040 


The  Molecular  Baals  of  Vitamin  A 
Activity 


STUDY  NO.  2 


Development  of  a  microf luoronetrlc 
assay  for  vitamin  A 


PROBLEM 


Vltanin  A  is  essential  for  maintaining  vision,  skeletal  development, 
reproductive  capacity,  and  normal  differentiation  of  many  epithelial 
tissues  (skin,  trachea,  etc.).  With  the  exception  of  the  role  of 
vltanin  A  as  the  light-sensitive  prosthetic  group  of  the  visual  pig¬ 
ments,  the  mechanisn(s)  of  action  is  (are)  not  yet  known.  This  lack 
of  basic  knowledge  has  undoubtedly  hindered  the  development  of  new 
therapies  Involving  vltanin  A.  Rucent  progress  in  the  vitamin  A 
field  has  led  to  the  use  of  derivatives  of  the  vltanin  for  the  effec¬ 
tive  treatment  of  cancer  In  tissues  of  epithelial  origin.  The 
inportance  of  vitamin  A  nutrition  in  wound  healing,  resistance  to 
infection,  coping  with  stress,  and  vision  nakes  this  an  area  of 
research  obviously  important  to  the  nilitarv  forces.  The  development 
and  evaluation  of  a  rapid  sensitive  assay  for  vitamin  A  are  necessary 
for  both  practical  applied  studies  as  well  as  for  experimental  studies 
of  the  nechanlsn(s)  of  action  of  vltanin  A. 

RESULTS  ANT)  DISCUSS  TON  OF  RESULTS 

The  most  videlv  accepted  method  for  measuring  vitamin  A  is  a  colorimetric 
procedure  in  which  the  sample  is  reacted  with  trif luoracetlc  acid  (TFA) 
to  produce  a  blue  color,  the  intensity  of  which  is  proportional  to  the 
amount  of  vitamin  A  in  the  sample.  Such  an  assay  has  been  used  in  this 
laboratory  since  the  assay  was  developed,  but  the  procedure  established 
required  relatively  large  samples,  c.g.,  2  ml  of  plasma.  The  assay  has 
now  been  modified  to  a  semi-micro  level,  permitting  detection  of  retinol 
in  the  range  of  5  to  100  pg  of  retinol  per  deciliter  of  plasma  with  a 
0.5  ml  sample.  The  method  is  reproducible.  Quality  control  procedures 
have  been  established  to  Insure  compliance  with  the  1978  Hood  Laboratory 
Practice  regulations.  While  the  method  is  acceptable,  there  are  dis¬ 
advantages  which  have  been  discussed  in  some  detail  in  a  previous 
report.  Many  of  the  objections  to  the  TEA  methodology  were  avoided  in 
a  newer  method  involving  the  direct  fluoronetric  analysis  of  retinol 
in  dilute  samples  of  human  plasma.  Samples  as  small  as  25  pi  are 
required  as  opposed  to  500  ul  for  the  TFA  methodology,  and  the  assays 
could  be  performed  in  a  fraction  of  the  time.  During  the  course  of 
these  studies,  evidence  was  obtained  which  suggested  that  another 
substance  was  present  in  human  plasma  which  was  distinct  from  the 
retinol-binding  protein- retinol  (RBP-R)  complex  but  which  had  fluores¬ 
cence  properties  quite  similar  to  those  of  RBP-R.  When  human  plasma 
was  fractionated  by  ion-exchange  chromatography  on  DEAE-Sephadex,  four 
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fractions  could  bo  obtained.  Fractions  I,  II,  and  III  contained  no 
vitamin  A,  which  was  found  exclusively  In  Fraction  IV.  Nevertheless, 
both  fractions  III  and  IV  had  almost  identical  fluorescence  specta 
with  excitation  peaks  at  both  292  nm  and  335-340  nm.  Such  results 
would  be  expected  for  Fraction  IV  which  contains  RBP-R,  but  not  for 
Fraction  III  which  does  not  contain  RHP-R.  Subsequently,  It  was 
determined  that  Fraction  III  contains  a  copper-containing  protein, 
ceruloplasmin,  which  has  an  absorbance  maximum  at  325  nm  (as  well  as 
other  ultraviolet  and  visible  naxima)  which  could  account  for  the 
observed  fluorescence  spectrum.  Obviously,  It  would  be  possible  for 
two  samples  of  plasma,  having  Identical  RBP-R  levels,  to  Rive  different 
fluorescence  readings  if  the  sample  contained  different  amounts  of 
ccruloplasnin.  It  has  not  yet  been  determined,  quantitatively,  what 
the  contribution  of  ceruloplasmin  Is  to  the  total  fluorescence  of 
plasma  In  the  mlcrof luorometrlc  method. 

CONCLUSION 

A  direct  nlcrof luorometrlc  assay  for  retinol  In  plasma  and  serum  samples 
may  require  correction  for  ceruloplasmin  levels. 

RECOMMENDATIONS 

1.  Work  should  be  continued  with  mlcrof luorometrlc  retinol  assay  to 
evaluate  the  contribution  to  the  total  measured  fluorescence  due  to 
ceruloplasmin  and  retlnol-blndlng  proteln-retlnol. 

2.  Methods  should  be  sought  which  would  minlnlxe,  eliminate,  or  permit 
quantlf icatlon  of  the  fluorescence  of  ceruloplasmin  In  samples  which 
contain  both  ceruloplasmin  and  retlnol-blndlng  proteln-retlnol. 

3.  Tissue/organ  culture  studiea  should  be  Initiated  in  support  of 
work  to  be  done  on  the  effects  of  retlnol-blndlng  proteln-retlnol  on 
wound  healing. 
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ABSTRACT 

PKOJUCT  NO.  3Alt>110lA9lC  ln-llouae  Laboratory  Independent 

Research 

WORK  IhUY  RO.  042  Long-Term  Cryoprcaervation  of 

Platelets  for  lariedlate  Field  Use  1 

The  following  investigations  are  being  conducted  under  this  work 
unit: 


STUDY  U>J.  1 

study  :;o.  2 

STUJ'f  M).  3 
STUDY  K(J.  4 


Cryopreservation  strategies 
In  vitro  viahility/functiou  testing 
Nonhunnn  in  vitro  and  function  testing 
Maximization  of  platelet  harvest 


STUDY  NOS.  1,  2,  3,  and  4  Massive  transfusion  of  stored  blood 
or  blood  substitutes  following  severe  combat  injuries  leads  to 
dilutionul  thrombocytopenia  and  increased  bleeding  secondary  to 
the  lacL  of  platelets.  Platelet  transfusions  can  correct  this 
defect,  but  conventional  liquid  storage  of  platelets  iu  impractical 
for  field  use  since  platelets  are  only  viable  when  stored  for 
lens  than  72  hours.  Studies  undet  this  work  unit  explore  methods 
for  freezing  platelet  concentrates  so  that  they  may  be  preserved 
indefinitely  and  infused  without  timc-conauaing  washing  procedures. 
Metabolic  integrity  of  platelets  is  being  evaluated  with  a  serotonin 
uptake  test.  The  procedure  for  this  has  been  standardized  and  the 
data  subjected  to  extensive  mathematical  analysis.  Kinetic  models 
have  been  teated  and  arc  providing  valuable  insights  into  overall 
platelet  metabolic  integrity.  Pronining  cryoprotective  agents 
have  been  evaluated  using  serotonin  uptake  and  morphology  tests.  Six 
combinations  have  shown  good  results  after  freezing  at  a  rate 
of  l  degrees  per  minute. 
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WORK  WIT  NO.  042  Long-Tsr*  Cryop reservation  of 

Platslsts  for  Immediate  Hold  Um 

STUDY  NO.  1  Cryop reservation  strategies 

PROBLEM 

Following  uulvi  tranafualona  of  blood  products  or  blood  substitutes 
for  severe  combat  Injuries,  thrombocytopenia  la  the  moat  common 
cause  of  generalised  bleeding.  While  this  bleeding  may  be  prevented 
by  platelet  tranafualona,  conventional  liquid  storage  of  platelet 
concentrates  is  limited  to  72  hr  at  rooc  temperature  or  4  C.  For 
tield  use  outside  of  CONUS,  these  time  limits  are  too  restrictive 
to  provide  effective  support  for  coafcat  forces.  The  objective 
of  this  work  unit  is  to  develop  strategies  for  preserving  platelets 
indefinitely  in  the  froten  state  so  that  they  may  be  infused  immediately 
after  thawing.  Current  methods  of  platelet  cryop reservation 
employ  cryoprotectlve  agents  that  are  toxic  In  the  concentrations 
uses  and  hence  require  extensive  poet-thaw  manipulation  and  washing. 

This  study  seeks  to  exploit  tho  synergistic  effects  of  different 
admixed  cryoprotectlve  agents  so  ttiat  nontoxic  concentrations 
will  cryoprotect  platelets  while  eliminating  poet-thaw  washing. 

411  of  the  studies  of  this  work  unit  relate  to  this  objective. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

We  have  continued  to  evaluate  different  cryoprotectlve  agents. 

These  agents  have  undergone  in  vitro  testing  for  effset  of  injury 
by  tha  cryoprotectlve  agent  in  the  non-froxsn  state  as  wall  as 
for  Che  effect  of  the  agent  with  the  freesing.  The  various 
combinations  that  have  been  shewn  to  be  promising  wider  the  in 
vitro  tests  performed  last  yaar  ware  devaluated  with  the  modified 
serotonin  uptake  teat  (sea  Study  No.  2).  Of  tha  23  combinations 
in  which  the  cvyopratectants  did  not  appear  harmful,  4  comblnanta 
successfully  withstood  freesing-thawing.  The  following 
combinations  tolerated  a  2  dsgree/mio  fronting  down  to  -80  C: 

2X  dUMthyl  sc If oxide  (DM30)/ 2 ,**  glyc*tol/2X  dextrose;  IX  SMSO/ 

5X  hydroxyethyl  starch  (RES)/ 5*  polyvinylpyrrolidone  (PVT) ; 

IX  DHS0/12  glycerol /2.5X  WES;  IX  DKSG/1X  glycsrol/SX  FES;  IX 
DHSO/10X  HRS  end  52  RES/52  BHA, 

CONCqUfSIOW 

Thsra  art  several  combinations  of  cryoprotectlve  Agents  which  show 
promise.  HRS  and  DWSO-coaf lining  preservatives  opymer  to  maintain 
platelet  cwtebolic  integrity  beet.  Since  theca  agent*  have 
different  coiligstive  actio on,  a  syne rg tarn  between  a  penetrating 
agent  and  a  ooopenotrnting  agent  eppaars  possible. 


* 


The  free sing  condition  and  cryopreservatlves,  indicated  In  this  a  tody, 
should  ba  studied  further  to  achieve  optlnal  cryopreservatlon. 
Fxperlmntal  plana  designed  to  find  coablnatlons  of 
cryopreservatlon  conditions  and  concentrations  of  cryopreservatlve 
agones  which  result  in  optimisation  of  in  vitro  platelet  teats 
should  be  implemented  to  refine  the  spates  further.  Optlnal 
cryopreservatlves  should  be  tested  in  an  an Inal  nodal  and 
eventually  in  nan. 

mUCnTIONS 

None 


STUDY  NO.  2  In  vitro  viability/function  testing 

F«OtU*% 

The  objective  of  this  study  is  to  develop  an  in  vitro  systen  for 
assessing  the  metabolic  integrity  of  cryopreaerved  platelets. 


)  l'j  *i  t  J 


RESULTS 


The  najor  throat  of  this  year's  research  has  been  directed  toward 
establishing  a  reliable,  in  vitro  assay  for  platelet  metabolic 
integrity.  We  have  worked  extensively  with  serotonin  uptake 
kinetics  since  serotonin  uptake  is  a  process  idtlch  involves  a 
Multitude  of  aetabolic  functions  (neabrane,  cytosol,  intracellular 
binding  and  natabollsn),  the  sun  total  of  which  Manifests  in 
platelet  survival  and  function.  In  a  aeries  of  experinanta, 
we  have  established  the  optlnal  conditions  for  kinetic  study 
of  serotonin  transport  and  binding  by  platelets:  starting  concentration 
of  serotonin  (230  ng  per  l(f  platelets),  pR  6.0  to  6.3, 
te^erature  37  C,  platelet  count  approx lnatcly  300, 000/m  1. 

Additionally,  after  experiments  deaonstratsd  a  pH  dependent 
naxlaal  uptake  rate,  we  evaluated  different  systsns  for  Maintaining 
the  pH  constant  during  the  entire  experlaeat.  A  "closed"  system 
was  chosen,  ty  Maintaining  the  platelets  la  s  capped  syringe, 
pH  changes  due  to  carbon  dioxide  loss  were  nlsiielsed.  The 
data  from  these  uptake  experiments  have  been  fitted  by  several 
mathematical  models  la  ea  effort  to  characterise  the  kinetics. 


Serotonin  uptake  is  a  valuable  method  for  understanding  platelet 
physiology  sad  study  of  its  kinetics  may  yield  information  relevant 
ro  platelet  viability.  Xt  is  reproducible  and  amenable  to 
kinetic  analysis.  The  conditions  of  the  assay  are  now 
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characterised  and,  pending  development  of  a  final  mathematical 
model,  should  allow  for  comparison  with  in  vivo  function  as 
well  as  insight  into  platelet  physiology. 

RECOtBlUNDATIONS 


Efforts  should  be  made  to  test  various  Wither* 'leal  models  and 
select  the  appropriate  one.  The  t«— - ^ionin  uptake  test  should 
then  be  correlated  with  an  in  vxvo  animal  model  to  provide  a 
simple  procedure  to  evaluate  and  screen  various  cryoprescrvatlon 
systems. 

PUBLICATIONS 


None 

STUM  KO,  3 

phoble:: 


Nonhunan  in  vivo  viability  and 
function  testing 


Conventional  tests  of  platelet  metabolic  integrity  and  function 
correlate  only  roughly  with  clinical  effectiveness.  Animal  models 
must  be  developed  to  verify  the  usefulness  of  cryopreserved  platelets 
prior  to  any  trials  in  nan.  The  anltal  model  proposed  etTploys  s 
rabbit  first  rendered  thrombocytopenic  and  tlicn  exposed  to  a  small 
wound  in  the  Jugular  vein.  Correction  of  the  prolonged  bleeding 
time  and  measurement  of  normal  life  span  of  transfused  human 
platelets  are  the  desired  end  poin  :• . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Wo  further  work  has  been  done  on  the  animal  modal  during  this  year. 

CONCLUSIONS 


None 


REC«go.?r>ATio;:s 


This  study  has  been  temporarily  curtailed  paudlng  results  from 
Studies  No.  1  and  2.  In  vitro  tests  as  wall  as  basic  cryobiological 
properties  of  the  test  system  are  being  svslustsd.  Following 
this,  an  animal  modal  should  be  used  to  corrslsts  in  vitro  tests 
and  In  vivo  function  of  frossn-thawsd  platelets.  The  rabbit 
model  can  be  usad  for  this  purpose  but  does  Iisve  a  potential  drawback 
In  that  reticuloendothelial  blockage  lias  been  difficult  to  accomplish. 
A  safe  and  effective  system  for  blocking  the  reticuloendothelial 
system  should  be  developed  or  modification  of  the  model  should  be 
explored  to  exclude  tint  reticuloendothelial  system  (ex  vivo  model). 


STUDY  NO.  4  Maximisation  of  platelet  harvest 


PHQ1LBH 

Large  platelets  are  heavier  and  more  active  metabollcally  and 
functionally  than  aaall  platelets.  The  preparation  of  platelet 
concentratea  involves  differential  centrifugation  which  nay  reserve 
the  large  heavy  platelets.  To  insure  optlaal  platelet  concentrates, 
specific  preparatory  nathods  nuet  avoid  the  lose  of  large  plateleta 
and  nalotaln  platelet  else  distribution  (PSD). 

RESULTS  AMD  DISCUSSION  OP  RgSDLTS 

Various  procedures  for  separating  platelets  fron  whole  blood 
have  been  attempted  to  obtain  the  largest  yields  of  plateleta 
with  minimal  damage.  We  tried  using  10  ce  polypropylene  tubes 
with  1  cc  of  balanced  citrate  and  9  cc  of  whole  blood,  at  various 
centrifugation  speeds,  centrifugation  times,  and  the  addition 
of  buffered  sallne-glucoee  diluent.  There  variables  were  manipulated 
by  using  a  slap lex  technique  to  determine  optimal  yields.  Sy 
this  technique  65  to  100X  yields  covid  be  obtained  in  two  centrifuge 
spins  with  the  addition  of  3  cc  of  diluent. 


These  platelet  yields  represent  a  two-fold  improvement  over 
current  procedures  with  a  little  additional  manipulation.  Mare 
sophisticated  techniques  are  now  available  to  obtain  85  to  100Z 
yields  but  require  complex  manipulation  and  are  impractical  for  blood 
banka,  (hir  results  are  encouraging  in  light  of  our  efforts  to  reach 
a  goal  in  which  virtually  all  platelets  can  be  harvested  with  simple 
practical  procedures.  Blgh  yield  platelet  harvest  will  provide  a 
greeter  proportion  of  danse,  and  probably  younger,  platelets  that 
will  improve  their  probability  of  surviving  f reusing  injury. 


High  yield  procedures  should  be  evaluated  further,  flood 
collected  la  450  cc  bags  should  be  evaluated  by  simplex 
optimisation  to  laprove  yields  by  practical  procedures  that 
will  afford  a  large  scale  applicability. 
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Combat  Wound  a,  (0)  Caatrolntaatlnal  Function, 

(U)  Caatrolntaatlnal  Surgery,  <U)  Gaatrln,  (U)  C.li  Ensymaa,  (U)  Abdominal  Injur laa 


23.  (U)  Diatary  aubatancaa  cauaa  changaa  in  aaaymo  actlvltiaa  in  tba  amall  intaatina. 
Diatary  aubatancaa  cauaa  tba  ralaaaa  of  aumoroua  bormonaa  fron  tha  gaatrointaatinal 
(Cl)  tract.  Tba  Cl  bormooa,  gaatrln,  baa  a  trophic  action  on  tba  amall  intaatina. 

In  tha  abaanca  of  gaatrln,  tba  small  intaatina  atropbiaa  and  dlaaccharldaaaa  dacraaaa 
in  activity.  It  la  pooaibla  that  diatary  aubatancaa  affact  amall  intaatinal  aasymaa 
via  tba  atlmulaciom  of  gaatrln.  Naallng  of  combat -incur rad  Cl  tract  injury  may  ba 
facilitated  by  tba  adnlalatratlou  af  gaatrln. 

24.  (U)  Tba  affact  af  gaatrln  on  amall  intaatinal  anaymas  of  the  partially  gaatrecto- 
mlaad  dog  baa  baan  atudlad.  Aaalyaaa  vara  dooa  to  anaura  that  tha  animal  uaa  gaatrln 
daficicnt.  Varioua  cbamical  forma  of  gaatrln  vara  uaad  to  determine  if  amall  lnteati- 
nal  enryme  activity  uaa  incraaaad.  The  response  to  dietary  aubatancaa  with  and  without 
gaatrln  ware  taatad.  If  gaatrln  la  off active,  other  hormone a  of  tha  Cl  tract  ahould 
ba  taatad. 

23. (U)  77  10  -  7®  09  Stud lea  to  date  demonatrate  tha  faaalblllty  of  maintaining 

partially  gaatrectoolted  doga  in  aufficlantly  good  health  ao  that  email  intaatinal 
tiaaua  can  ba  obtained  on  a  periodic  baeia  for  analyala.  Tba  baaic  atudiaa  have  baan 
carried  out,  however ,  not  all  the  analytical  procedures  have  bean  completed.  Those 
which  have  baan  completed  damoaatrate  that  pentdgaatrln  causea  a  1002  lncreaae  in 
protein  ayntbeale.  Thla  project  is  being  terminated  due  to  realignment  of  tha 
Inatituta. 
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PROJECT  MO.  3AL61101A91C  In-Uouse  Laboratory  Independent 

Ra search 

WORK  UNIT  NO.  043  The  Effects  of  Gastrointestinal 

hormones  on  Gastrointestinal 
Function 

The  following  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  1  In  vivo  study  of  the  role  of  gastrin  in  the  control 
of  snail  intestinal  nucosal  enxyrss  on  the  dog 

Gastrin,  a  polypeptide  hormone,  synthesized  in  the  gastric  antrun,  has 
trophic  offsets  on  the  snail  intestine  in  rats.  Gastrin  deficiency  due 
to  absence  of  enteral  food  or  antral  tissue  leads  to  gastrointestinal 
atrophy.  If  the  trophic  effect  of  gastrin  Is  required  for  no  nasi 
intestinal  protein  synthesis,  then  gastrin  deficiency  (resulting  fron 
gastric  Intestinal  resection)  will  lead  to  abnornal  protein  and 
ensyne  synthesis  and  subsequent  abnornal  gastrointestinal  function. 

The  acutely  Injured  soldier  with  abdonlnal  Injuries  requiring  gastric' 
or  intestinal  resectiou  nay  be  gastrin  deficient  and  consequently 
postoperative  gastrointestinal  function  nay  be  favorably  influenced  by 
gastrin  therapy.  Studies  of  the  effects  of  gastrin  on  Intestinal 
glycolytic  ensynes  In  antrectonlsed  (gastrin  deficient)  dogs  are 
underway.  The  technical  problems  of  partial  antrectomy  and  serial 
snail-intestinal  biopsies  have  been  resolved.  The  specific,  basic 
studies  *..%*•»  V...S  performed,  and  all  the  necessary  tissue  obtained, 
however,  not  all  the  analytical  procedures  have  been  completed .  Those 
which  have  been  completed  demonstrate  that  pentagastrln  causes  a  100%. 
Increase  in  protein  synthesis. 
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WORK  UNIT  NO.  043  Th«  Effaces  of  Gastrointestinal 

Mormons*  on  Gastrointestinal  Function 

STUDY  NO.  1  In  vivo  study  of  th*  rol*  of  gsstrln 

in  tit*  control  of  small  lntsstlual 
mucosal  ancymss  on  th*  dog 


PROBLEM 


An  Important  aspact  of  acute  gastrointestinal  disease  Involves  combat- 
related  abdominal  Injury  and  its  sequelae.  Abdominal  injuries  occur 
frequently  in  any  military  operation  and  develop  serious  cosqtllcatious. 
In  World  War  II,  in  on*  field  hospital,  wounds  of  th*  stomach  comprised 
416  of  3,154  cases  (13Z)  of  abdominal  injuries.  Th*  fatality  rat*  was 
40Z.  Approximately  30Z  of  the  abdominal  injuries  consisted  of  wounds 
of  th*  small  intestine.  Approximately  20Z  of  th*  total  number  of 
injuries  required  partial  resection  of  th*  gastrointestinal  tract. 

Many  patients  with  abdominal  injuries  will  have  altered  gastrointastinrl 
function  secondary  to  resection  of  portions  of  the  intestinal  tract. 

With  improved  techniques  of  first  aid,  evacuation,  blood  replacement, 
surgery,  and  prophylaxis  and  treatment  of  infection,  w*  can  expect  an 
increased  number  of  combat-wounded  soldiers  to  reach  the  postoperative 
period.  At  this  point  only  general  supportive  measures  are  available 


and  no  specific  therapy  is  known  which  can  hasten  healing  and  restore 
function  of  the  gastrointestinal  tract.  Food  intake,  intestinal  hormones 
and  intestinal  adaptation  all  make  considerable  contributions  to  the 
recovery  process  after  intestinal  resection.  Several  observations 


suggest  that  th*  antral  hormone,  gastrin,  has  trophic  efffcts  on  the 
gastrointestinal  tract.  In  rets,  gastrin  has  increased  4  C-leucine 
incorporation  into  protein,  ^'c-orotic  acid  incorporation  into  IMA,  and 
**C-thymldlne  incorporation  into  DNA.  Csstrln  trophic  effects  have  been 


demonstrated  in  in  vitro  tissue  cultures  of  rat  gastric  and  duodenal 


mucosa.  Fentagastrin  (PC)  stisulated  epithelial  cell  growth,  decreased 


cell  doubling  tlM,  and  decreased  cell  contact  inhibition. 


Two  different  laboratories  have  demonstrated  the  importance  of  food 
intake  in  regulating  email  intestinal  ensymes.  In  rat,  intravenous 
hyperalimentation  decreased  intestinal  malts sc  and  sucrase  activities. 
Tissue  gastrin  fell  concomitantly.  Th*  dlsaccharldases  were  restored 
to  control  levels  by  PC  which  suggests  that  gastrin  may  control 
intestinal  dlsaccharldases*  Both  tissue  gastrin  and  intestinal 
dlsaccharldases  returned  to  normsl  after  oral  feeding.  Previous 
studies  in  this  laboratory  have  demonstrated  increased  activity  of 
jejunal  glycolytic  ensymes  in  response  to  carbohydrate  meals.  Specific 
sugars  caused  adaptive  changes  in  the  ensyme  most  concerned  with  the 
metabolism  of  the  specific  substrate.  In  addition  there  was  a 
generalised  increase  la  ensyme  activity  attributed  to  calories  alone. 
Since  food  intake  influences  gastrin  and  intestinal  ensymes,  and 
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•Inc*  gastrin  lias  documented  trophic  affects  in  the  gut  it  is 
conceivable  that  gastrin  has  a  generalised  effect  on  protein  synthesis 
In  the  gut.  If  the  trophic  effect  of  gastrin  Is  required  for  normal 
Intestinal  protein  synthesis,  then  gastrin  deficiency  states  occurring 
as  a  consequence  of  gastric  or  Intestinal  resection  cculd  result  In 
abnormal  protein  synthesis  and  subsequent  aaladaptatlon  of  Intestinal 
ensymes.  There  is  ample  In  vivo  and  In  vitro  support  for  a  gastrin 
trophic  effect.  There  Is  also  evidence  to  suggest  that  food  intake 
is  Important  In  determining  the  level  of  intestinal  enzymes  and  the 
amount  of  tissue  gastrin.  The  acutely  injured  soldier  who  has  lost 
variable  amounts  of  stomach  and  small  intestine  has  reduced  Intestinal 
function  by  virtue  of  the  surgical  resection.  The  enzyme  activities 
in  the  remaining  gut  are  responsive  to  food  intake  and  gastrin,  both 
of  which  have  been  reduced  by  the  surgical  procedure.  It  Is  reasonable 
to  believe  that  replacement  of  gastrin  will  restore  Intestinal  enzymes 
to  normal  and  hasten  restoration  of  gastrointestinal  function. 

RESULTS  AMD  DISCUSSION  OF  RESULTS 

Me  have  studied  the  role  of  gastrin  in  the  control  of  selected 
intestinal  enzyme  activities  in  4  dogs  made  gastrin  deficient  by 
antrectomy.  The  various  surgical  problems  related  to  antrectomy,  long- 
term  maintenance  of  the  animals,  and  repeated  small  Intestinal  biopsies 
have  been  resolved  satisfactorily.  In  these  4  animals  the  basic 
studies  have  been  finished,  and  a  large  amount  of  biopsy  tissue  was 
obtained  for  analysis.  Much  of  this  analytical  work  Is  pending. 
Analyses  which  have  been  completed  demonstrate  that  pentagastrln  causes 
KOOX  Increase  in  protein  synthesis  as  measured  by  leucine 
incorporation. 

COKCLUSIOMS 

The  various  surgical  and  technical  problems  related  to  long-term 
maintenance  of  entree tonized  dogs  and  repeated  small  bowel  biopsies 
have  been  resolved.  Initial  results  Indicate  that  antrectomy  result* 

In  diminished  activity  of  selected  Intestinal  ensymes.  Protein 
synthesis  as  measured  by  leucine  Incorporation  Is  stimulated  1Q0X 
by  the  Infusion  of  pentagastrln.  Additional  conclusions  cannot  be 
drawn  until  the  remainder  of  the  tissue  has  been  analyzed. 

kRCOtOOMUATlOMS 

The  analytical  procedures  should  be  computed  on  the  tissue  samples 
which  have  been  obtained  and  are  being  stored.  This  project  is  being 
terminated  due  to  realignment  of  the  institute. 

PURL ICAT IOMS 

None 
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ABSTRACT 


PROJECT  NO.  3A161101A91C  In-House  Laboratory  Independent 

Research 

WORK  UNIT  NO.  044  Influence  of  Stress  and  Environment 

on  the  Nutrition  and  Metabolism  of 
Military  Personnel 

The  following  invest I  Rat ion  has  been  conducted  under  this  work  unit 
during  the  past  year: 

STUDY  NO.  3  Nutritional  state  and  metabolic  effects  of  growth 
hormone 

STUDY  No.  4  Clucagnn  and  enzyme  activity  in  the  adrenal  gland 

STUDY  NO.  3  In  vivo  and  in  vitro  effects  of  growth  hormone  on  leucine 
and  glucose  metabolism  were  studied  in  fed,  fasted,  or  refed  rats.  In 
vivo,  growth  hormone  enhanced  leucine  oxidation  in  fed  and  refed  rats 
and  had  no  effect  in  fasted  rats.  The  hormone  also  stimulated  leucine 
incorporation  into  tissue  proteins  in  fed  or  refed  animals.  In  vivo 
synthesis  of  hepatic  and  adipose  tlssi  e  fatty  acids  was  depressed  by 
the  hormone.  Growth  hormone  reduced  the  activity  of  several  hepatic 
en.ymes  involved  in  protein  degradation. 

In  vitro,  CO2  production  from  glucose  was  stimulated  by  growth  hormone 
in  liver  from  fed  rats.  In  contrast,  the  hormone  depressed  C02  pro¬ 
duction  in  adipose  tissue  from  refed  rats.  In  vitro  hepatic  and  adipose 
tissue  fatty  acids  synthesis  was  reduced  in  refed  rats.  No  effect  was 
observed  in  fed  or  fasted  rats.  In  general,  the  effects  of  the  hormone 
were  more  pronounced  in  re fed  than  in  fed  rats. 

STUDY  NO.  4  Intravenous  administration  of  glucagon  reduces  the  activity 
of  the  enxyrse  complex  controlling  the  conversion  of  cholesterol  to  pro¬ 
gesterone  in  the  adrenal  gland.  In  contrast,  the  hormone  stimulates  the 
ens.  dse  system  regulating  the  formation  of  corticosterones.  These 
findings  are  In  accord  with  an  Increase  in  the  synthesis  of  several 
adrenal  hormones  induced  by  glucagon  administration. 
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BODY  OF  REPORT 


WORK  UNIT  NO,  044  Influence  of  Screes  and  Environment 

on  the  Nutrition  and  Metabolism  of 
Military  Personnel 

STUDY  NO.  3  Nutrition  state  and  metabolic  effects 

of  growth  hormone 

PROBLEM 

Available  evidence  Indicates  that  the  secretion  of  growth  homone  (GH) 
is  suirkedly  affected  by  nutritional,  metabolic,  or  physical  stress.  In 
this  respect,  a  decrease  in  food  intake  reduces  plasna  levels  of  Gil. 
Changes  in  diet  composition  also  affect  Git  secretion.  A  high-carbo- 
hydrate  diet  suppresses  G)l  secretion  amt  this  effect  may  be  altered  by 
changing  the  protein  content  of  the  diet.  GH  secretion  is  stimulated 
by  sooe  amino  acids,  notab lv  by  lysine  and  arginine.  Thus,  it  appears 
that  the  protein  effect  may  be  related  to  the  effect  of  specific  amino 
acids.  Physical  exercise  also  Increases  plasma  levels  of  C11.  Elevated 
plasma  levels  of  GH  have  been  observed  in  diabetic  patients.  Several 
observations  suggest  that  Gl!  plays  a  role  in  glucagon  secretion. 

Beyond  these  observations,  little  is  known  about  the  impact  of  stress  on 
metabolic  effects  of  GH  in  specific  target  tissues.  Metabolic  effects 
of  several  other  homones  regulating  body  metabolism  are  considerably 
affected  by  the  prior  dietary  state.  Consequently,  a  pronounced  effect 
of  the  nutritional  state  on  metabolic  responses  to  Git  can  be  anticipated. 

CH  has  been  implicated  in  the  regulation  of  body  fat  metabolism,  blood 
glucose  homeostasis,  and  in  conserving  body  proteins  during  periods  of 
food  deprivation.  The  role  of  GH  in  mitigating  harmful  effects  of 
stress  as  nay  be  encountered  in  military  combat  is  thus  apparent. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Male  rats  weighing  about  250  g  were  fed  a  complete  casein-sucrose  diet 
for  7  days.  After  this  period  of  dietary  adjustment,  the  rata  ware 
divided  randomly  into  3  treatment  groups.  The  first  group  continued  on 
the  ad  libitum  feeding  schedule,  while  the  second  and  the  third  group  of 
animals  were  fasted  for  3  days.  The  third  group  of  rats  was  subsequently 
refed  for  3  days.  Thereafter,  6  rats  from  each  treatment  group  were 
injected  subcutaneously  with  a  saline  solution  of  CH  (0.4  mg/100  g  body 
weight).  Four  hours  later  the  rats  were  sacrificed  and  glueose-U-^C 
Incorporation  into  hepatic,  kidney,  and  adipose  tissue  metabolites  was 
determined. 

In  another  experiment,  fed,  fasted,  or  rafed  rats  were  injected  twice 
dally  for  3  days  with  GH.  On  the  fourth  day.  the  rats  were  mtvaperi- 
toneally  given  an  injection  of  L-leucine-D-'*C  dissolved  in  saline 
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(6  uCi/100  g  body  weight).  Expired  '* *,C02  wan  absorbed  in  a  solution 
of  NaOH  and  radioactivity  was  determined  periodically  during  the 
3-hour  collection  period.  At  the  end  of  the  collection  period,  the 
rats  were  sacrificed  and  leucine  incorporation  Into  tissue  components 
and  the  activity  of  several  hepatic  enzymes  were  determined. 

The  data  Indicate  that  CH  stimulated  hepatic  glucose  oxidation  only 
in  fed  rats,  with  no  effect  in  fasted  or  refed  animals.  In  contrast, 
CH  reduced  glucose  oxidation  in  adipose  tissue  from  refed  rats,  with 
no  effect  in  fed  or  fasted  rats.  Furthermore,  CH  decreased  hepatic 
and  adipose  tissue  synthesis  of  cholesterol  in  fed  and  refed  rats.  No 
effect  was  observed  in  fasting  animals.  Glycerol  synthesis  was  stimu¬ 
lated  by  Gil  onlv  in  adipose  tissue  from  fed  rats.  CH  markedly  reduced 
fatty  acids  synthesis  in  adipose  tissue  from  fed  and  refed  rats. 

Pstty  acids  synthesis  in  fed  animals  was  not  affected  by  the  hormone. 

CH  enhanced  in  vivo  leucine  oxidation  in  fed  and  refed  rats,  and 
stimulated  leucine  incorporation  into  hepatic,  heart,  kidney,  and 
muscle  proteins.  The  pool  size  of  free  leucine  In  these  tissues  was 
slightly  increased.  In  contrast,  the  hormone  markedly  reduced  leucine 
conversion  into  fatty  acids  in  refed  rats.  In  addition,  the  hormone 
decreased  the  activity  of  leucine  transaminase,  hepatic  arglnase,  and 
arginine  synthetase  In  fed  and  refed  rats.  CH  did  not  affect  enzyme 
activity  In  fasted  rats.  In  general,  metabolic  effects  of  CH  were 
more  pronounced  in  refed  rats  than  In  fed  an Inals. 

CONCLUSIONS 


The  present  study  demonstrates  pronounced  effects  of  altered  nutritional 
states  on  metabolic  actions  of  CH.  The  hormone  plays  an  important  part 
In  the  continuous  regulation  of  protein  and  energy  metabolism  by 
stimulating  protein  synthesis,  llpolysis,  and  glucose  conservation  both 
In  fed  and  refed  animals.  Thus,  it  nay  be  possible  to  attribute  to  CH 
in  protein  synthesis  a  role  analogous  to  that  which  it  performs  :n 
energy  metabolism,  namelv,  protection  of  the  organism  against  the  adverse 
effects  of  a  short-term  fast. 

RECOMMENDATIONS 


Further  investigations  of  the  basic  Interrelationships  between  CH  and 
energy-protein  metabolism,  in  particular  in  fasting  states,  are  needed. 
These  should  include  studies  concerned  with  interactions  between  CH  and 
insulin. 

STUDY  NO.  4  Clucsgon  and  enzyme  activity  in  the  adrenal  gland 
PROBLEM 


The  role  of  adrenals  In  adaptive  phenomena  and  the  role  of 
glucocorticoids  In  protective  reactions  to  stress  have  been  recognized. 
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Th«  factor*  which  regulate  the  synthesis  of  the  adrenal  hormones  should, 
therefore,  be  clearly  defined.  Our  previous  studies  demonstrated  that 
glucagon  stimulated  in  vivo  conversion  of  progesterone  into  deoxycorti¬ 
costerone,  corticosterone,  17-OH-progesteronc,  and  dehydroepiandroa- 
terone.  Since  the  rate  of  synthesis  of  these  hormones  is  dependent  on 
the  activity  of  a  mssber  of  complex  enzyme  systems,  it  can  be  postu¬ 
lated  that  glucagon  affects  the  activity  of  specific  enzymes  in  such 
systems.  Accordingly,  in  the  following  experiments  the  effect  of 
glucagon  on  the  activity  of  several  enzymes  Involved  in  steroidogenesis 
was  studied. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Kale  rats  weighing  about  300  g  were  fed  a  complete  casein-sucrose  diet 
for  7  days.  After  this  period  of  dietary  adjustment,  the  rats  were 
administered  via  the  tail  vein  a  solution  of  glucagon  (100  ug/100  g 
body  wight).  Control  rats  were  injected  with  the  corresponding  volume 
of  the  diluent.  Twenty  minutes  later  the  rat*  were  sacrificed,  the 
adrunal  glands  were  quickly  removed  and  chilled.  The  mitochondrial  and 
microsomal  fractions  were  prepared  by  differential  centrifugation. 
Appropriate  fractions  were  Incubated  with  specific  radioactive  precur¬ 
sors,  the  products  were  extracted  end  separated  by  thin  layer 
chromatography.  Radioactive  components  were  subsequently  located  by 
radloautography  and  identified  by  co-chromatography  vlth  authentic 
reference  compounds  and  by  color  or  fluorescence  reactions. 

The  results  Indicate  that  glucagon  reduced  the  activity  of  A5-8-hydroxy- 
steroid  dehydrogenase  and  Ab-3-ketoaterlod  lsomerase,  the  enzyme  complex 
regulating  the  final  step  in  the  conversion  of  cholesterol  to  proges¬ 
terone.  in  contrast,  glucagon  enhanced  the  activity  of  C-18-hydroxylase 
activity  and  had  no  effect  on  the  ectlvlty  of  C-llMiydroxylaae,  the 
enzyme  system  Involved  in  the  synthesis  of  corticosterone  end  OH-corti- 
c os terone. 

CONCLUSIONS 


Intravenous  administration  of  glucagon  decreases  the  activity  of  the 
enzyme  system  regulating  the  formation  of  progesterone.  The  hormone 
enhances  the  reaction  sequence  leading  to  the  formation  of  corticos¬ 
terone.  The  results  suggest  that  this  mechanism  channels  pregnenolone 
to  the  endoplasmic  reticulum  for  awre  efficient  utilization  during 
adrenocortical  hyperactivity.  The  results  further  indicate  that 
glucagon  may  have  several  effects  in  the  adrenal  gland  all  of  which 
may  serve  to  provide  a  fine  control  over  cortlcosteroldogenesls  under 
widely  verying  conditions  of  stimulation. 

RECOMMENDATIONS 

Further  studies  concerned  with  interactions  of  glucagon  and  physical 
stress  and  their  effect  of  corti-:ustproidogenesls  are  recommended. 
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23.  (1)  The  objective  la  to  develop  a  mode)  host  system  of  American  cutaneous  leish¬ 
maniasis  for  better  understanding  of  the  pathogenesis ,  lcounity,  and  transmission  of 

the  disease .  Knowledge  gained  from  these  studies  1*  assentlsl  to  the  support,  of  lnvestl* 
gat  Ions  leading  to  the  development  of  improved  measures  for  the  protection  and  treatment 
of  military  personnel  serving  in  endemic  areas. 

24.  (U)  An  animal  model  of  human  Uie>?w.ia  b.\2si‘  icKaip  infection  la  being  developed 
in  which  resolution  of  leaiona.  resistance  to  challenge  infection,  and  delayed-type 

occur.  Emphasis  is  being  placed  on  use  of  inbred  mice  and  evaluation 
of  tho  Immunogenic  potential  of  different  i.  treat  tit. -in*  vs  strains.  Chemical  and  blologlt 
agents  will  ba  used  to  effect  and  modify  these  response*.  Infections  are  being  produced 
and  monitored  by  standardised  quantitative  methods  established  in  thi*  laboratory. 

25.  (U)  77  10  -  76  09.  Primary  l.  braxtHtrcie  lesions  of  inbred  CAA  mice  cessed  grow- 

ng  by  15  weeks  following  Infection  but  did  not  regress  or  resolve  during  an  additional 

9  waeka  of  observation.  However,  acquired  resistant  in  thesa  mice  was  demonstrated  by 
the  lack  of  development  of  lesions  from  challenge  Inoculation  at  16  weeks  after  primary 
Inoculation.  Routine  curlal  passage  of  two  add  it  lor.nl  i.  brvtsiltenei*  strains  was 
achieved  in  hamsters.  Lesions,  produced  by  one  of  these  two  strains,  cessed  growing  at 
least  3  weeks  before  the  lesions  produced  by  our  standard  i.  br-zsiiienei*  strain  or  the 
other  strain.  An  Improved  cryopreservadon  procedure  was  developed  which  permits  effic¬ 
ient  and  consistent  recovery  of  l^iohnonia  aasstigntes  or  proasstigote*  from  liquid 
nitrogen. 


ABSTRACT 


PROJECT  NO. 

3A161101A91C 

In-House  Laboratory  Independent 
Research 

WORK  UNIT  NO. 

045 

Development  of  a  Model  Host 

System  of  American  Cutaneous 
Leishmaniasis 


Acquired  resistance  to  L.  biyisilienaie  infections  was  demonstrated 
in  inbred  CBA  mice  with  primary  lesions  when  challenge  infections 
failed  to  produce  secondary  lesions;  uninfected  control  mice  developed 
lesions.  Routine  serial  passage  of  two  additional  i.  brazilicnei a 
strains  has  been  achieved  in  hamsters.  Sustained  slow  growth  of 
lesions  of  one  newly  passage  strain  (HSJD-11)  and  of  our  standard 
strain  (M-1287)  was  still  evident  at  8  weeks  following  inoculation. 
Growth  of  lesions  of  the  other  newly  passaged  strain  (HSJD-1)  was 
entirely  comparable  to  those  of  HSFD-li  and  M-1287  for  the  first  5 
weeks.  However,  the  lack  of  significant  growth  of  HSFD-1  lesions 
after  5  weeks  indicates  a  more  effective  host  response  and  potentially 
8r**t*f  immunogenic ity  of  this  strain.  An  improved  cryopreservation 
procedure  has  been  developed  for  Loiohmnia  which  permits  consistent 
recovery  of  cultures  of  this  parasite  from  liquid  nitrogen. 
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WORK  UNIT  NO.  045  Development  of  a  Model 

Host  System  of  American 
Cutaneous  Leishmaniasis 

PROBLEM 

The  American  cutaneous  leishmaniases  are  sand  fly-borne  parasitic 
diseases  encountered  by  U.S.  military  personnel  stationed  in 
endemic  areas.  Due  to  the  potential  life-threatening  nature  of  L. 
braziliensis  it  is  imperative  to  develop  adequate  diagnostic  and 
preventive  measures  to  insure  the  protection  of  personnel  susceptible 
to  infection.  However,  achieving  these  goals  is  dependent  upon  estab¬ 
lishing  appropriate  animal  models  to  support  these  investigations. 

Specific  models  are  needed  to  evaluate  the  capacity  of  leishmanial 
antigens  to  elicit  protective  immunity,  to  elucidate  mechanisms  of 
protective  immunity,  and  to  study  biologic  transmission  and  its  Inter¬ 
ruption.  In  studlei  of  protective  immunity,  an  ideal  animal  model 
should  be  capable  >  f  effecting  protection.  This  requirement  will  be 
fulfilled  by  the  demons t rat ion  of  resistance  to  homologous  challenge 
Infection  following  Induced  or  spontaneous  resolution  of  the  primary 
lesion.  An  economical  animal  model  displaying  these  characteristics 
has  not  been  described. 

RESULTS  AND  DISCUSSION  OK  RESULTS 

Inbred  CBA  mice  are  able  to  control  and  resolve  L.  tropica  and  l. 
donovani  infections  and  are  resistant  to  subsequent  homologous  chal¬ 
lenge  infections.  Similar  behavior  of  CBA  mice  infected  with  L. 
brazi 1 icnais  will  allow  the  development  of  this  mouse  strain  as  a 
practical  and  economical  model.  Croups  of  10  CBA  mice  were  inoculated 
in  the  forepaw  with  10^,  10^  and  10^  l.  brazilienais  amastigotes.  All 
mice  Inoculated  with  10°  and  10*  amastigotes  developed  lesions  within 
3  weeks;  1  mouse  inoculated  with  10^  amastigotes  developed  a  lesion 
which  was  detected  at  6  weeks.  Although  lesions  induced  in  mice  by 
10°  amastigotes  ceased  growing  by  15  weeks,  no  regression  or  resolution 
was  noted.  Secondary  lesions  did  not  result  from  challenge  with  10* 
amastigotes  16  weeks  after  primary  infection  in  any  mouse  in  which  a 
primary  lesion  had  developed;  8  of  10  untreated  control  mice  devel¬ 
oped  lesions  from  the  challenge  inoculum.  The  failure  of  lesions  to 
develop  Implies  the  presence  of  sufficient  acquired  resistance  to 
protect  against  homologous  challenge  even  though  resolution  of  pri¬ 
mary  lesions  had  not  occurred.  Such  results  are  promising  and  indi¬ 
cate  the  need  for  additional  studies. 

It  is  an  established  principle  of  research  in  infectious  diseases  that 
different  strains  of  the  same  organism  can  differ  markedly  In  terms 
of  infectlvity,  pathogenicity,  and  lmmunogenicity .  Such  differences 


can  be  exploited  in  the  development  of  animal  models .  We  have  been 
able  to  effect  routine  haaater-to-haastar  pasr^ge  of  two  strains  of 
L.  braalllsnsls  (HSFD-1 ,  HSJD-11)  in  addition  to  our  standard  strain 
(M-1287),  with  which  they  are  being  compared.  Onset  of  lesions  of 
L. .braziliensis  HSJD-1  and  HSJD-11  occurred  in  4-6  days  st  a  dose  of 
10°  aaastigotes,  equivalent  to  our  standard  strain.  Growth  of 
lesions  of  L.  braziliensis  HSJD-1,  KSJD-11  and  M-1287  was  entirely 
comparable  during  the  first  5  weeks  following  infection.  Measurable 
growth  of  lesions  of  L.  braziliensis  HSJD-1  did  not  occur  after  this 
time;  however,  lesions  of  L.  braziliensis  HSJD-11  and  of  our  standard 
H-1287  strain  continued  to  grow  for  longer  than  8  weeks.  The  compar¬ 
able  time  of  onset  and  initial  growth  of  lesions  suggest  a  similar 
degree  of  pathogenicity  of  the  3  L.  braziliensis  strains.  However, 
the  early  cessation  of  growth  of  HSJIF-l  lesions  suggests  that  this  £.. 
braziliensis  strain  elicits  a  stronger  and  more  effective  hoot  Immune 
response.  This  characteristic  would  make  strain  HSJD-1  more  suitable 
for  use  in  studies  of  imsKinity  than  the  strain  presently  used. 

A  standing  operating  procedure  (SOP)  for  preparing  Leishmania  amastl- 
gotea  and  promastigotes  for  cryopreservation  in  liquid  nitrogen  has 
not  been  available  for  use  in  our  laboratory.  We  modified  and  devel¬ 
oped  one  procedure  recommended  for  the  cryopreservation  of  mammalian 
cells  as  an  SOP  for  freezing  Leishmania.  Features  of  this  modified 
procedure  include:  the  use  of  Leishmania  maintained  in  optimal 
physiologic  condition  prior  to  freezing,  the  use  of  Lebovitz  (L-15) 
medium  with  20X  fetal  calf  serum,  and  the  adding  of  an  equal  part  of 
L-15  medium  with  15X  dlmethylsulfoxlde  (DNSO)  t«'  che  culture.  This 
last  step  avoids  toxic  concentrations  of  DMSO  which  may  occur  when 
undiluted  DMSO  is  added  to  a  culture.  In  routine  use,  this  cryopres¬ 
ervation  procedure  is  uncomplicated  and  has  consistently  provided 
recovery  of  viable  Leishmania. 

CONCLUSIONS 

Acquired  resistance  to  L.  braziliensis  was  desunstrated  in  CBA  mice 
when  challenge  inoculation  failed  to  produce  lesions.  Thus,  one  of  the 
criteria  of  an  animal  model  of  immunity  to  L.  braziliensis  infection, 
resistance  to  challenge  infection,  was  fulfilled  in  the  CBA  mouse. 
However,  primary  lesions  had  not  resolved  at  the  tltae  of  challenge, 
and  resolution  of  lesions  must  be  accomplished  before  the  CBA  mouse 
can  be  fully  utilized  as  a  model.  Growth  of  lesions  of  a  newly 
passaged  L.  braziliensis  strain,  HSJD-1,  ceased  before  that  of 
two  ether  strains.  This  finding  suggests  a  more  pronounced  host 
response  to  this  L.  braziliensis  strain  and,  consequently,  its 
greater  potential  to  evoke  host  Immune  responses.  Including  resolution 
of  infection.  This  characteristic  would  make  this  strain  more 
suitable  to  studies  of  immunity  than  the  strain  presently  used.  Con¬ 
sistent  recovery  of  viable  Leishsumia  after  freaxlng  in  liquid  nitrogen 
has  bean  achieved  by  use  of  a  modified  cryopreservation  procedure, 
which  appears  suitable  for  adoption  as  an  SOP  in  our  laboratory. 

RECOWEKOAT  IONS 
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The  CBA  aouse  should  be  further  investigated  and  developed  as  a 
potential  anicjil  model  of  L.  brazil iensis  infection  with  emphasis 
upon  achieving  resolution  of  lesions.  As  Indicated  by  the  differential 
host  response  to  L.  brazi l iensis  HSJD-1  lesions,  additional  strains  of 
L.  brazi liensis  should  be  investigated  for  their  potential  to  evoke 
host  iaaune  responses,  including  resolution  of  lesions  and  resistance 
to  challenge  infection.  The  cryopreservation  procedure  should  be  con¬ 
tinued  as  the  procedure  for  preservation  of  Leishmania  in  liquid  nitro¬ 
gen. 

PUBLICATIONS 

WILSON,  H.R.,  B.S.  DIECKMANN  and  G.E.  CHILDS.  Leishmania  brazilientis 
and  Leishntania  mexicana:  experimental  cutaneous  infections  in  golden 
hamsters.  (Cleared  for  publication) 
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23.  (U)  The  objective  Is  to  determine  the  critical  pathways  of  energy  utilisation 
during  long-term  exercise  training.  The  feasibility  of  utilising  dietary  modifications  ] 
to  enhance  physical  performance  and  increase  resistance  to  stress  of  prolonged  chronic  1 
physical  exertion  will  be  tested.  Such  studies  may  identify  dietary  modifications  that 
can  enhance  physical  performance  of  military  personnel  In  combat  assignments  and 
stressful  environments. 

24.  (U)  Metabolic  adaptations  occurring  In  response  to  exercise  training  were 
investigated  using  the  treadmill  trained  laboratory  rat  as  an  experimental  model. 

Identlf lcatlon  of  adaptive  ensyme  changes  were  used  as  a  starting  point  In  formulating 
experimental  diets  designed  to  amplify  exercise  Induced  adaptations.  The  initial 
focus  was  upon  energy  generation  from  fat,  carbohydrate,  and  protein  metabolism. 
Subsequent  studies  should  investigate  the  interactions  of  specific  nlnerals  or  vitamins. 

25.  (L)  77  10  -  70  09  Diets  previously  proven  to  tie  effective  In  lessening  the 
severity  of  starvation- Induced  hypoglvcenla  were  tested  for  gluconeogenic  properties  in 
support  of  exercise  performance.  Supplemental  dietary  llnoleate  or  trlundeeanoln  fad 
to  exercising  rats  did  not  enhance  gluconeogenesls  or  physical  performance.  Exercise 
training  did  not  lncraaaa  the  capacity  rat  brain  kstona  body  metabolising  ensymas  to 
oxidise  ketones,  but  did  altar  the  response  of  phosphofructoklnase  to  citrate  inhibi¬ 
tion.  Exercise  training  Increased  the  turnover  rata  of  fatty  aclda  In  adipose  depots 
vitn  t,»e  greatest  incressa  occurring  In  the  mesenteric  depot  and  the  smallest  lncraaaa 
in  toe  subcutaneoua  depot. 
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ABSTRACT 


PROJECT  NO.  3A161101A91C  In-Houa«  Laboratory  Independent 

Raaaarch 

WORK  UNIT  NO.  046  Biochemical  Adaptations  and  Dlatary 

Intaractiona  of  Exercise  Training 

Pour  experlnents  dealing  with  critical  aspects  of  energy  metabolism 
following  physical  training  have  been  conducted  under  this  study: 
Experiment  1  -  Efficacy  of  dietary  linoleate  and  undecanoate  as  gluco¬ 
neogenic  energy  sources  for  exercising  rats;  Experiment  2  -  Effect  of 
exercise  on  brain  enzymes;  Experiment  3  -  Effect  of  anatomical  site  and 
physical  training  on  the  turnover  rate  of  adipose  tissue;  and  Experi¬ 
ment  4  -  Effect  of  physical  training  on  muscle  protein  metabolism.  The 
results  of  these  Investigations  indicate  that  neither  supplemental 
dietary  linoleate  nor  triundecanoln  enhance  the  formation  and  deposition 
of  glucose  from  non-glucose  substances  under  the  conditions  of  chronic 
exercise.  These  dietary  additives  appear  to  be  more  useful  in  maintain¬ 
ing  carbohydrate  reserves  under  the  conditions  of  sedentary  fasting  than 
exercise.  Unlike  skeletal  muscle,  the  brain  does  not  appear  to  adapt 
by  increasing  its  capacity  to  oxidize  ketone  bodies  following  excerdse 
conditioning.  This  further  emphasizes  the  importance  of  maintaining  an 
adequate  level  of  blood  glucose  during  rigorous  exercise  for  brain  energy 
demands.  The  exercising  rat  does  not  draw  upon  all  adipose  depots  equally 
for  fatty  acids  to  be  oxidized  as  energy  sources.  Results  indicate  that 
the  mesenteric  fat  depot  has  a  significantly  greater  turnover  of  fatty 
acids  than  that  of  the  subcutaneous  fat  depot.  These  differences  should 
be  considered  when  selecting  an  adipose  depot  to  study  during  exercise 
adaptation  studies.  The  mobilization,  deamination,  and  oxidation  of 
certain  amino  acids  during  exercise  are  currently  under  investigation  to 
determine  the  contribution  of  protein  to  energy  generation  during 
exercise. 
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WORK  UNIT  NO.  046  Biochemical  Adaptation*  and  Dietary 

Interactions  of  Exercise  Training 

STUDY  NO.  1  Dietary  control  of  energy  Metabolise 

PROBLEM 

It  is  well  docutsented  that  sub-optimal  nutrition  can  have  a  deleterious 
effect  on  physical  performance.  On  the  other  hand,  comparatively  few 
dietary  modifications  have  been  demonstrated  to  enhance  physical 
performance  in  well-nourished  individuals.  The  objective  of  this  study 
is  to  obtain  information  on  the  potential  of  dietary  modifications  to 
enhance  physical  performance.  Diets  that  elevate  muscle  and  liver 
glycogen  stores  have  proven  to  be  the  most  reliable  methods  of  prolong¬ 
ing  work  time  to  exhaustion.  The  tlnlng  of  delivery  of  these  high 
carbohydrate  diets  is  critical,  making  such  diets  impractical  under 
combat  conditions  where  activity  bursts  cannot  be  predicted.  The 
research  conducted  under  this  study  is  designed  to  test  the  overall 
hypothesis  that  diets  designed  to  enhance  the  utilisation  of  body  fat 
depots  or  Increase  the  conversion  of  non-carbohydrate  precursors  to 
carbohydrate  will  be  beneficial  to  physical  performance. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Results  published  in  the  scientific  literature  suggest  that  certain 
unsaturated  fatty  acids  and  certain  odd-carbon  chain  length  fatty  adds 
fed  to  animals  maintain  their  blood  glucose  at  a  higher  level  during 
starvation  than  control  diets.  The  feeding  of  diets  supplemented  with 
either  linoleate  or  trlundecanoln  (a  synthetic  11-carbon  fatty  acid  tri¬ 
glyceride)  was  not  effective  in  increasing  muscle  or  liver  glycogen, 
blood  glucose,  or  other  predictors  of  gluconeo genesis  in  exercising  7ats. 
We  conclude  that  the  Metabolic  stresses  of  chronic  exercise  training 
SMst  be  of  a  different  nature  than  that  of  fasting. 

Exercise  training  failed  to  Increase  the  activity  of  3-oxoacld  CoA 
transferase  in  rat  brain  but  did  increase  ensyme  activity  in  skeletal 
muscle.  Brain  tissue  appears  to  regulate  its  metabolic  activity  in 
response  to  substrate  and  metabolite  concentrations  in  the  blood  during 
exercise  but  does  not  necessarily  undergo  adaptive  ensyme  changes 
similar  to  that  of  skeletal  muscle.  Phosphofructoklnase  activity  in 
homogenates  of  brain  obtained  from  trained  rats  was  less  sensitive  to 
ATP-cltrate  inhibition  than  brain  homogenates  obtained  from  untrained 
rats.  The  basis  for  this  altered  regulatory  mechanism  is  currently 
under  investigation. 

The  turnover  rate  of  adipose  tissue  fatty  acids  was  measured  in 
subcutaneous,  perirnal,  epldldymal,  and  mesenteric  adipose  depots  in 
both  trained  and  seu.ntary  rats.  This  experiment  was  conducted  to 
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Identify  the  adipose  depot  moat  active  in  providing  fatty  acids  oxidised 
during  exercise.  Chronic  exercise  increased  the  turnover  of  fatty  acids 
in  all  depots;  however,  the  increase  was  greatest  in  the  mesenteric 
depot  and  least  in  the  subcutaneous  site.  Mesenteric  adipose  tissue, 
by  virtue  of  its  rapid  turnover  rate,  appears  to  lie  the  most  appropriate 
depot  to  sample  for  metabolic  studies. 

A  final  experiment  was  conducted  to  determine  if  skeletal  muscle  amino 
acid  oxidation  undergoes  an  adaptive  Increase  in  response  to  exercise 
training  similar  to  that  observed  for  skeletal  muscle  fatty  acid  oxida¬ 
tion.  This  study  involved  the  measurement  of  leucine  sand  glutamate 
oxidation,  myofibrillar  protease  and  glutamlnase  activity,  and  3-methyl 
histidine  excretion.  The  results  of  this  experiment  are  currently 
being  analysed.  Preliminary  results  indicate  that  training  causes  an 
adaptive  Increase  in  leucine  oxidation  but  has  no  effect  on  myofibril¬ 
lar  protease  activity. 

CONCLUSIONS 


Diets  that  lessen  the  severity  of  hypoglycemia  in  starvation  did  not 
have  a  similar  gluconeogenic  effect  during  exhaustive  exercise.  Diets 
containing  supplemental  levels  of  llnoleate  or  trlundecanoln  may  have 
an  application  under  conditions  of  reduced  food  intake,  but  do  not 
appear  to  have  ergogenic  merit.  Exercise  did  not  Influence  ketone  body 
oxidation  by  the  same  mechanism  in  the  brain  as  in  skeletal  muscle. 

Ensyme  induction  did  not  occur  in  the  brain,  although  brain  metabolism 
did  appear  to  be  influenced  by  exercise  conditioning,  possibly  by  a 
modulation  of  ensyme  activity  in  response  to  metabolite  concentrations. 
Adipose  tissue  adapted  to  exercise  training  by  increasing  the  turnover 
rate  of  its  fatty  acids.  The  increase  in  turnover  rate  was  not  equal 
in  all  depots.  The  most  active  provider  of  fatty  acids  to  be  oxidised 
during  exercise  was  the  mesenteric  depot. 

RECOMMENDATIONS 

None  at  this  time  due  to  the  uncertain  status  of  nutritional  research 
at  LAIR. 
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23.  (0)  The  objective  Is  to  design.  Implement,  and  docunent  computer  programs  and  pro¬ 
gram  systems  for  the  management  of  LAIR  research  data.  These  programs  will  (a)  process 
the  results  of  clinical  and  laboratory  studies  rt>  derive  their  conclusions  and  to  test 
applicability  to  specific  military  situations,  (b)  maintain  and  utilise  effectively  a 
repository  of  past  research  data  for  direct  application  to  military  problems  and  corre¬ 
lation  with  future  approved  military  research,  (c)  evaluate  data  reported  in  the  open 
literature  to  determine  its  applicability  and  to  apply  it  to  the  military  envlronaent 
by  correlation  and  transformation  techniques,  (d)  support  the  requirements  of  privacy 
and  the  freedom  of  information  acts,  (e)  provide  data  base  and  rapid  analysis  for  in¬ 
formation  within  the  mission  areas  of  LAIR  in  the  event  of  mobilisation. 

26.  (0)  Central  purpose  coeputcr  programs  will  be  used  to  the  greatest  extend  possible. 
Where  the  unique  information  processing  requirements  of  a  specific  reseerch  protocol 
cannot  be  met  by  available  general  purpose  computer  progress,  special  purpose  programs 
will  be  developed. 

25.  (U)  77  10  -  78  09.  Special  purpose  proprams  were  produced  to  support  military  bio¬ 
medical  research  projects  such  as  antimetabolite  studies  of  irradiated  foods,  graphic 
recording  on  microfilm  of  reduced  nutrition  survey  dsta,  owl  monkey  behavior  analysis, 
and  petrl  plate  counting  studies.  A  generalised  bar  chart,  histogram  and  linear  plot- 
ting  package  hes  been  designed  and  developed  to  fill  the  groving  requirement  for  micro¬ 
film  graphic*  output  of  publication  quality.  Network  llr.ks  among  several  of  the  pres¬ 
ently  independent  computer  systems  are  now  under  developsent.  Several  new  statistical 
packages  have  been  implemented  for  general  use.  A  discrete-event  simulation  model  is 
being  developed  for  assessing  the  impact  of  potential  R6D  irorovements  within  the  blood 

research  area.  Data  acquisition  software  has  been  developed  for  stress  and  strain 
JRRRlr  studies. 
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ABSTRACT 


PROJECT  NO.  3M161102BS02  Basic  Mechanisms  of  Recovery  from 

Injury 

WORK  UNIT  NO.  055  Design  of  Support  of  Military 

Biomedical  Research  Information 
Systems 

The  following  studies  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  General  mathematical  and  statistical 

systems  development 

STUDY  NO.  2  Direct  mathematical,  statistical 

and  data  processing  support 
of  military  biomedical  research 

STUDY  NO.  3  Design  of  distributed  information 

processing  facilities 

STUDY  NO.  4  Data  management  systems  development 

STUDY  NO.  5  Biomedical  engineering  and  data 

acquisition 

STUDY  NOS.  1,2, 3, 4,  and  5.  As  the  use  of  quantitative  techniques 
in  biomedical  research  continues  to  expand,  the  need  for  better, 
more  efficient  and  more  sophisticated  data  and  information  handling 
techniques  has  become  more  vital  in  the  areas  of  data  acquisition, 
mathematical  modelling,  graphics,  data  base  management  and  statistical 
analysis.  This  work  unit  Involves  the  design  and  development  of 
tools  and  techniques  for  the  acquisition  and  management  of  LAIR  research 
data.  These  systems  are  necessary  to  (a)  process  the  results  of  labors" 
tory  and  clinical  studies  to  derive  their  conclusions  and  to  test 
their  applicability  to  specific  military  situations,  (b)  maintain 
and  utilize  effectively  a  repository  of  past  research  data  for  direct 
application  to  military  problems  and  correlation  with  future  approved 
military  research,  (c)  evaluate  data  reported  in  the  open  literature 
to  determine  its  applicability  and  to  apply  it  to  the  military  environment 
by  correlation  and  transformation  techniques,  (d)  support  the  requirements 
of  the  privacy  and  freedom  of  Information  acts,  (e)  provide  data  base 
and  rapid  analysis  of  information  within  the  mission  area  of  LAIR 
in  the  event  of  mobilisation. 
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WORK  UNIT  NO.  055 


STUDY  NO.  1 


PROBLEMS 


BODY  OF  REPORT 

Mathematical  and  Computer 
Support  of  Military  Biomedical 
Research 

General  mathematical  and 
statistical  systems  develop¬ 
ment 


Statistics  Is  a  collection  of  methods  which  allows  one  to  make 
objective  Inferences  about  uncertain  data.  T -  term  data  analysis, 
however,  is  used  to  describe  techniques  more  recently  developed  in  the 
computer  environment.  The  objectives  of  computer  data  analysis  have 
been  described  as  (1)  achievement  of  a  nore  specific  description  of 
what  is  loosely  known  or  suspected;  (2)  finding  unanticipated  aspects 
of  the  data,  and  suggesting  unthought -of-modcls  for  the  data's  summar¬ 
ization  and  exposure;  (3)  employing  of  data  to  assess  the  adequacy 
of  a  contemplated  model;  (4)  attempting  to  provide  incentives  and 
guidance  for  further  analysis  of  the  data,  and  (5)  keeping  the 
investigator  fully  stimulated  while  he  absorbs  the  feeling  of  the 
data  and  considers  what  to  do  next.  The  objective  of  this  study  is 
to  provide  the  mathematical  and  statistical  computer  software  neces¬ 
sary  for  comprehensive  data  analysis  In  support  of  the  medical  mili¬ 
tary  research  conducted  at  LAIR, 

Although  most  data  analysis  procedures  needed  by  LAIR  Investigators 
can  be  performed  by  using  stand-alone  prepackaged  programs.  Such 
generalized  programs  do  not  readily  lend  themselves  to  Implementation 
on  minicomputers  such  as  the  ECLIPSE  C/300  because  of  size  constraints. 
Indeed,  running  large  packaged  programs  on  the  ECLIPSE  would  signifi¬ 
cantly  reduce  response  time  to  interactive  users.  Therefore,  large 
packaged  programs  are  maintained  at  Lawrence  Berkeley  Laboratory  (LBL), 

RESULTS  AND  DISCUSSION  OF  RESULTS 


LAIR  maintains  three  statistical  packages  at  Lawrence  Berkeley  Labora¬ 
tory.  The  Generalized  Research  Analysis  Statistical  System  (GRASS)  is 
a  package  developed  by  the  Department  of  Information  Sciences  and 
designed  to  be  easy  to  use  for  the  researcher  relatively  unfamiliar  — 
with  computers.  GRASS  has  the  capability  to  produce  a  variety  of 
descriptive  statistics,  plots,  histograms,  and  non-parametric  testa. 
GRASS  also  has  data  transformation  and  data  manipulation  capabilities. 
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In  addition  to  GRASS,  GENSTAT,  ft  general  statistical  program  developed 
at  Rothaasted  Experimental  Station,  England,  was  installed  by  LAIR  this 
year  on  the  LBL  CDC  7600  uENSTAT  has  t  powerful  statistical  syntax 
which  allowa  programs  for  complex  statistical  analyses  to  be  written 
quickly  ftnd  debugged.  GENSTAT  is  particularly  strong  in  the  areas  of 
generalized  linear  models  and  the  analysis  of  designed  experiments 
giving  LAIR  capabilities  not  previously  available.  GENSTAT  also  lias 
many  pre-programmed  procedures  including  the  ability  to  store  and 
retrieve  structured  data  seta. 

The  BMDP  Biomedical  Computer  Programs  developed  at  the  UCLA  Health 
Sciences  Computing  Facility  are  also  maintained  by  LAIR  at  LBL.  The 
BMDP  package  is  a  series  of  twenty-nine  stand  alone  programs  for 
statistical  analysis.  The  program*  share  a  free  format  English-based 
control  language.  BMDP  has  abilities  in  the  area  of  data  screening, 
analysis  of  qualitative  data,  analysis  of  variance  and  covariance, 
regression,  multivariate  analysis,  and  non-pararaet ric  statistics. 

In  addition  to  the  packages  maintained  by  LAIR,  LBL  supports  the 
Statistical  Package  for  the  Social  Sciences  (SPSS),  an  integrated 
package  for  data  manipulation  and  analysis.  This  year  SPSS  was  up¬ 
dated  to  contain  new  capabilities  in  spectral  and  survival  analysis. 

LBL  also  maintains  a  variety  of  FORTRAN  subroutine  libraries  which  may 
be  used  to  build  special  purpose  programs. 

Limited  statistical  software  is  also  available  to  researchers  on  the 
in-house  ECLIPSE  C/300  computer.  MINITAB,  a  statistical  computing 
system  developed  at  Penn  State  University,  provides  data  analytic 
capabilities  to  researchers  who  are  analyzing  small  to  medium  sized 
data  sets.  MINITAB  is  easy  to  learn,  well -documented  and  runs  inter¬ 
actively  on  the  ECLIPSE  computer.  MINITAB  capabilities  include  plot¬ 
ting,  data  manipulation  and  transformations,  inferential  and  descrip¬ 
tive  statistics,  and  matrix  operations. 

It  is  acknowledged  that  packaged  programs  w4 11  not  solve  all  statistical 
computing  problems  at  LAIR.  Often  special  programs  must  be  written  to 
implement  special  techniques  or  data  analytic  methodologies.  The 
Department  of  Information  Sciences  believes  that  such  programs  are  moat 
easily  developed  on  the  ECLIPSE  C/300.  To  facilitate  building  such 
programs,  the  International  Mathematical  and  Statistical  Library  (IMSL) 
is  maintained  on  the  ECLIPSE  C/300.  IMSL  contains  approximately  200 
mathematical  and  statistical  FORTRAN  subroutines.  Several  special  pur¬ 
pose  programs  have  been  written  with  the  use  of  IMSL  building  blocks. 

CONCLUSION 


A  variety  of  statistical  software  are  used  «■>  perform  data  analysis  at 
LAIR,  Program  packages  allow  an  investigate,  '<*ct  which  statistical 

routines  are  most  appropriate  without  havi  .  to  m  ■  the  computational 
technique;:.  Lawrence  Berkeley  Laboratory  outy  sv  • .  .a  one  statistical 
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package  SPSS.  A  good  remote  computing  alee  ahould  provide  aeveral  auch 
packages,  as  veil  aa  a  data  base  management  ays tea  which  la  able  to  Inter* 
face  directly  with  statistical  packages.  The  burden  to  maintain  general 
software  should  be  on  the  remote  coaputlng  facility,  not  on  users  such  ts 
LAIR. 

RECOWENDATIONS 

It  Is  recommended  that  the  feasibility  of  obtaining  reaote  batch  proces¬ 
sing  services  at  another  site  which  better  supports  general  statistical 
software  be  Investigated.  Effort  to  develop  specialized  statistical 
software  on  the  ECLIPSE  as  applications  arise  should  continue.  BHDP, 
GENSTAT,  MINITAB  and  IMSL  should  be  updated  as  new  revisions  becaae 
available  fraa  the  respective  distributors. 

PUBLICATIONS 

None 


STUDY  NO.  2  Direct  aetheaatlcal ,  statisti¬ 

cal  and  data  processing  support 
of  military  biomedical  research 

PROBLEM 

Unique  characteristics  of  modern  military  biomedical  research  require 
support  to  design  and  conduct  experiments  and  to  analyze  experimental 
results.  Technical  support  provided  by  this  study  Is  required  to  assure 
efficiency  In  data  collection  and  to  Identify  appropriate  statistical 
analysis  principles  and  techniques.  Likewise,  an  objective  of  this 
study  is  to  provide  direct  support  to  LAIR  investigators  and  to  aid 
data  acquisition,  management  and  analysis  functions  integral  to 
experimental  processes. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Consultation  has  been  available  on  an  as  required  basis  in  experimental 
design,  date  analysis  and  the  use  of  a*thesu<tlcal  and  statistical  com¬ 
puter  software.  Objectives  sought  In  formulating  good  experimental 
designs  are  (1)  a  formal  definition  of  the  primary  goals  of  the 
experiment,  (2)  employment  of  a  statistical  model  appropriate  to  the 
experimental  material  which  provides  unambiguous  results,  and  (3)  a 
design  which  is  feasible  within  the  working  conditions  of  the  investi¬ 
gator.  After  the  data  have  been  collected  from  the  designed  experi¬ 
ment,  support  Is  available  to  reduce  and  Interpret  the  data  statisti¬ 
cally. 
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Computing  rasourcea  for  instltute-vlda  use  are  available  in  two  data 
processing  environments,  the  CDC  /60G/6600  digital  computers  which  are 
accessed  renotely  at  the  Lawrence  Berkeley  Laboratory  (LBL)  and  the 
Data  General  ECLIPSE  C/300  central  minicomputer  maintained  at  LAIR. 
Software  and  auxllllary  storage  Usiltatlons  on  the  C/300  require  the 
management  and  analysis  of  larger  data  files  In  the  LBL  batch  proces¬ 
sing  environment.  The  use  of  time-shared  processing  at  LBL  cannot 
be  evaluated  as  non-ERDA  users  of  the  LBL  facility  are  significantly 
limited  in  time-shared  access  during  prime  time.  User  orientation 
to  timasharing  on  the  C/300  Is  widely  accepted  and  is  preferred  over 
batch  processing  methods. 

Hore  recently  the  acquisition  of  data  by  using  peripherals  controlled 
by  a  desk  top  programmable  calculator  has  been  designed  and  programmed. 
The  availability  and  use  of  local  processors  with  a  data  communications 
capability  to  the  Institute  central  minicomputer  are  now  being  tested, 
the  outlook  for  implementation  of  significant  experimental  data  acqui¬ 
sition  and  control  functions  by  using  dedicated  processors  seems  favor¬ 
able. 

Department  of  Information  Sciences  Is  one  of  the  participating  depart¬ 
ments  In  the  nutrition  studies  in  support  of  the  DoD  Food  Program. 

The  computer  programming,  statistical,  data  analysis,  and  data  banking 
support  provided  by  this  department  are  described  under  Work  Unit  086. 

A.  Department  of  Comparative  Medicine 

Anir-al  Resources  Division.  Data  processing  support  waa  requested 
to  aid  the  study  ol  owl  monkey  behavior.  Activity  profiles  were  estab¬ 
lished  on  two  groups  of  animals:  s  paired  group  (adults)  and  s  group 
of  Juvenile  monkeys.  Behavior  patterns  were  classified  for  approxi¬ 
mately  19000  behavior  observations  among  both  groups.  Specifically, 
a  syatea  was  designed  and  programmed  which  facilitated  the  or.-line 
entry,  validation,  reporting,  recoding,  cumulative  analysis,  and 
plotting  of  behavior  observations  and  animal  demographic  data. 

B.  Department  of  Dermatology 

Cutaneous  Infection  Division.  Dermatology  clinic  outpatient 
records  (134289  count)  collected  over  3  years  at  Brooke,  Fitssimons, 
Letterman,  and  Valter  Reed  Army  Medical  Centers  were  categorised  by 
diagnosis  cods.  For  the  54  most  frequently  occurring  diagnoses,  out¬ 
patient  i coords  were  cross-tabulated  by  hospital,  and  collectively  for 
all  hospitals  by  age-,  raca,  and  sex  groupings.  A  request  from  LTC 
Char Its  Lewis,  HSC,  BAMC  to  croect-tabulate  dermatology  outpatient 
records  with  a  recorded  diagnosis  of  perioral  dermatitis  was  also 
procassad. 
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Cutaneous  Protection  Division.  The  design  of  an  ECLIPSE  C/300 
based  system  to  manage  mosquito  repellent  effectiveness  testing  data 
was  completed.  With  the  recent  Implementation  of  the  MINITAB  Inter¬ 
active  general  statistical  program  on  the  LAIR  central  minicomputer , 
local  processing  was  preferred  to  allow  greater  user  control  over  data 
entry,  maintenance,  and  analysis  functions.  The  task  of  unloading  the 
existing  repellent  effectiveness  testing  data  base  management  under 
the  Remote  File  Management  System  (RFMS)  to  SPSS  for  statistical 
analysis  was  completed.  Processing  at  LBL  no  longer  exists,  rather, 
programs  are  being  designed  to  unload  the  data  base  for  transport  to 
the  LAIR  ECLIPSE  C/300  minicomputer.  A  program  to  report  a  repellent 
code-formulation  dictionary  has  been  designed  and  programmed. 

C.  Department  of  Nutrition 

Bloenergetlcs  Division.  Specialised  programs  were  developed  at 
LBL  to  generate  publication  quality  microfilm  recordings  of  bar  charts 
and  histograms  summarizing  nutrient  intake  data  previously  reduced  from 
data  collected  in  the  Tuentynine  Palms  and  USS  Saratoga  ship  afloat 
nutrition  surveys.  Data  were  recorded  by  using  an  SC4060  microfilm 
recorder  available  at  the  LBL  facility. 

Food  Hygiene  Division.  On-going  maintenance  of  the  dictionary  of 
standardized  food  class,  food  item,  and  organism  designations  is  being 
supported.  Reporting  by  laboratory  of  all  data  collected  in  1977  was 
completed  and  selective  retrievals  of  food  class,  food  item,  organism 
and  bacteria  count  data  are  in  progress.  A  program  was  developed  locally 
to  aid  interactive  entry  of  Petri  plate  count  data  in  preparation  for 
transfer  of  data  to  LBL  and  subsequent  statistical  analysis. 

A  system  to  support  the  collection  of  animal  and  food  weights  for  anti- 
metabolite  studies  of  irradiation  sterilized  tests  foods  was  developed. 

An  HP9815A  programmable  calculator  controlling  precision  balance  and 
bar  code  reader  peripherals  is  being  used  for  weight  collection. 

Programs  to  control  weight  collection,  data  unloading  to  the  ECLIPSE 
C/300  minicomputer  and  reporting  of  '!aily  animal  weight  change  and  food 
intake  have  been  implemented.  Design  and  programming  to  develop  data 
maintenance  programs  and  an  animal  group  definition  program  are  in 
progress. 

Radioisotope  Division.  On-going  maintenance  to  programs  continued 
which  calculate  beta  counter  calibration  curve  coefficients  (program 
CRV)  and  disintegration  rates  (program  DPM) .  Reference  to  a  validated 
orthogonal  polynomial  regression  function  satisfied  from  a  standardized 
statistical  analysis  library,  IMSL,  was  integrated  into  program  CRV. 

Decay  correction,  used  when  calculating  disintegration  rates  for  more 
active  isotopes,  was  integrated  into  program  DPM  along  with  functions 
to  control  the  archival  of  disintegration  rate  results  for  future 
reference  and  analysis.  A  requirement  exists  to  design  programs  to 
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display  and  integrate  peaks  in  disintegration  rate  counts  and  to  calcu- 
late  disintegration  rates  of  spiked  isotope  solutions.  The  requirement 
for  data  processing  support  to  reduce  and  analyse  radioimmunoassay  data 
acquired  from  institute  gamma  counters  is  carried  over  from  last  year. 

CONCLUSIONS  AMD  RECOMMENDATIONS 

Appropriate  use  of  statistical  mathods  is  essential  to  accomplish  the 
scientific  research  mission  at  LAIR.  Continued  development  of  new 
techniques  and  implementation  of  accepted  techniques  for  data  analysis 
is  essential  to  effective  evaluation  of  research  data.  To  reduce 
system  development  time  and  overall  software  maintenance  requirements* 
the  use  of  generalized  software  packages  is  preferred  over  reprogramsdng 
of  existing  functional  software. 

PUBLICATIONS 

FRUIN,  J.T.,  J.F.  FOSTER,  D.L.  STUTZMAN,  W.H.  LANGLEY,  J.L.  FOWLER  and 
K.E.  TREFZ:  Report  of  1976  Microbiological  Data  Collection  Program. 
Report  No.  55.  San  Francisco,  California:  Letterman  Army  Institute  of 
Research,  July  1978. 

SPENCER,  T.S.,  K.L.  ZELLER,  W.A.  AKERS,  and  W.H.  LANGLEY:  A  Data 
Storage  and  Retrieval  System  for  a  Mosquito  Repellent  Test  Program. 
(Submitted  to  LAIR  Publications  Review  Coomlttee). 

STUDY  NO.  3  Design  of  distributed  information 

processing  facilities 

PROBLEMS 

Constantly  changing  Information  science  technology  and  an  increasing 
need  for  greater  computing  power  in  biomedical  research  require  distrib¬ 
uted  computing  systems  which  cannot  be  purchased  as  off-the-shelf  items. 
The  objective  of  this  study  is  to  develop  this  facility,  specifically 
the  hardware  level  of  interfacing  and  the  computer  programs  necessary 
to  integrate  many  independent  components  into  a  coordinated  facility. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Development  of  link  between  in-house  computing  facility  and  Lawrence 
Berkeley  Laboratory  (LBL) .  The  link  from  the  in-house  ECLIPSE  machine 
to  LBL  has  been  developed  and  is  now  being  tested  and  improved.  It 
should  be  fully  functional  in  approximately  3  months.  The  link  permits 
bidirectional  transfer  to  research  data  between  the  two  facilities  in 
order  to  take  full  advantage  of  the  complementary  capabilities  of  these 
facilities.  The  data  traoafar  process  is  fully  protected  for  data 
integrity  by  an  error  detection  with  automatic  retransmission  capability. 
From  the  LBL  facility  it  is  possible  to  transfer  directly  into  the  DoD 
Advanced  Research  Projecta  Agency  Network  (ARPANET). 
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Development  of  the  in-house  network.  The  laboratory  computer  support- 
lng  the  Treadmill  Automated  System  (TAS)  has  been  linked  to  the  central 
in-house  computer.  In  the  next  several  years,  it  is  planned  that  sev¬ 
eral  other  small  laboratory  machines  will  be  interconnected  by  using 
the  same  procedures.  These  links  offer  fully  protected  error  detection 
with  automatic  retransmission  capability  to  insure  the  integrity  of 
the  research  data.  This  system  will  offer  to  the  laboratory  computers 
a  greatly  expanded  capability  for  data  storage  and  retrieval  as  well 
as  the  ability  to  execute  more  powerful  computational  processes  which 
may  directly  Interact  with  the  small  laboratory  machine. 

On  a  smaller  scale,  we  have  been  evaluating  microprocessor  systems  for 
Inclusion  in  the  LAIR  NETWORK  (LAIRNET) .  Many  laboratory  automation 
tasks  could  be  most  effectively  handled  by  dedicating  a  small  processor 
to  the  task  with  linkage  to  the  network.  This  cannot  be  effectively 
done,  however,  by  randomly  selecting  individual  microprocessors  with 
different  characteristics  and  installing  them  on  a  one-by-one  basis. 

The  individual  development,  installation,  and  maintenance  costs  of 
such  a  conglomeration  are  prohibitive.  It  is  necessary  to  use  a 
single  design  so  that  development  coats  can  be  distributed  over  many 
copies  of  the  same  device  and  so  that  linkage  of  the  device  into  the 
network  can  be  standardized.  Candidates  for  this  development  are 
currently  being  studied. 

CONCLUSIONS  AND  RECOMMENDATIONS 

More  effective  Information  processing  systems  have  become  essential. 

The  work  described  above  has  resulted  in  the  development  of  more  effec¬ 
tively  distributed  information  processing  facilities  for  LAIR.  Continued 
development  is  essential  in  the  area  of  network  protocols  between  dis¬ 
similar  machines,  data  acquisition  equipment,  and  microcomputer  systems 
in  order  to  make  acquisition  and  processing  of  laboratory  data  more 
timely,  more  efficient,  and  more  effective. 

PUBLICATIONS 

None 

STUDY  NO.  4  Data  Management  Systems 

Development 

PROBLEM 

The  scientific  researcher  faces  special  problems  in  research  data  base 
management.  Most  general izd  data  base  systems  (such  as  System  2000) 
are  not  designed  specifically  with  research  data  in  mind.  Although 
such  systems  will  handle  complex  data  structures  adequately,  they 
usually  require  high  level  programming  ability  and  do  not  provide 
smooth  interfacing  with  statistical  analysis  packages.  Although  some 
statistical  packages  have  data  management  capabilities,  they  often 
lack  adequate  variable  documenting  capability,  updating  options, 
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security  protection,  end  the  ability  to  define  complex  data  structures 
conveniently. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  an  effort  to  provide  the  LAIR  research  community  with  a  data  manage¬ 
ment  system  specifically  designed  for  research  data  analysis,  the 
Lawrence  Berkeley  Laboratory  is  installing  a  data  base  management  system 
called  Scientific  Information  Retrieval  (SIR)  on  the  CDC  7600  at  the 
request  of  the  Department  of  Information  Sciences.  SIR  is  designed 
specifically  for  the  scientific  environment.  The  system  is  based  upon 
the  syntax  used  in  the  Statistical  Package  for  the  Social  Sciences 
(SPSS)  and  therefore,  the  researcher  familiar  with  SPSS  is  provided 
with  an  easy  transition  into  data  management.  SIR  contains  the 
following  capabilities:  hierarchical  file  structure,  data  editing  and 
updating,  data  security  options,  data  retrieval  language,  report 
generator,  and  Interfaces  with  BMDP  and  SPSS  statistical  packages. 

Remote  users  of  the  LBL  facility  have  been  informed  of  the  implementa¬ 
tion  of  Systems  2000  and  the  planned  discontinued  support  of  Remote  File 
Management  System  (RFMS) .  At  present,  two  data  bases  are  managed  under 
the  RFMS  data  base  management:  data  collected  in  the  DoD  Food  Wholesome¬ 
ness  Study  and  Mosquito  Repellent  Effectiveness  Testing  Data.  The 
limited  use  of  RFMS  in  the  past  can  be  attributed  to  several  limiting 
features  of  the  system.  Users  are  constrained  by  the  number  of  attrib¬ 
utes  that  can  be  defined  in  a  data  base.  A  maximum  of  128  elements 
are  definable  in  RFMS.  Data  managed  under  RFMS  are  not  easily  inter¬ 
faced  to  statistical  analysis  systems  and  that  it  is  recognized  that 
ideal  generalized  data  management  features  are  programmed  in  RFMS 
which  support  the  definition,  loading,  retrieval,  reporting,  update, 
and  saving  of  a  data  base. 

Requirements  for  data  management  resources  on  LAIR'a  central  minicompu¬ 
ter  are  presently  being  assembled.  As  the  number  of  applications  being 
developed  on  that  machine  increases,  the  need  for  data  managesunt 
features  at  several  levels  above  existing  programming  language  I/O 
processors  is  apparent.  Desirable  features  of  a  minicomputer-based 
data  management  system  coincide  with  the  ideal  features  of  similar 
type  packages  discussed  above.  Emphasis  is  also  placed  on  features 
which  support  a  data  archival  capability  and  uniform  internal  identi¬ 
fication  of  file  contents  and  structure. 

CONCLUSIONS  AMD  RECOMMENDATIONS 

SIR  provides  a  powerful,  eaay  to  use  data  base  management  system  designed 
for  research  scientists.  The  usefulness  of  the  system  to  LAIR  research¬ 
ers  should  be  evaluated  in  the  coming  year  to  determine  if  the  Department 
of  Information  Sciences  should  support  and/or  extend  the  package. 
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For  continued  support  of  data  bases  presently  managed  in  RFMS,  the 
more  feasible  method  of  conversion  to  System  2000  and  conversion  pro¬ 
gramming  requirements  should  be  identified,  designed,  and  programed. 

In  conversion  an  LBL  consultant  indicated  that  users  must  bear  the 
responsibility  of  conversion  programing.  A  generalized  RFMS  to  System 
2000  conversion  program  will  not  be  supplied  by  LBL.  Enhanced  features 
of  System  2000  should  be  tested  and  reported  for  general  information. 
RFMS  vs  System  2000  cost  comparison  should  be  documented.  Additionally, 
maintenance  required  to  existing  unique  application  programs  which 
pre-  and  post-process  data  managed  by  RFMS  should  be  Identified  and 
completed. 

PUBLICATIONS 


None 


STUDY  NO.  5 

PROBLEM 


Biomedical  engineering 
and  data  acquisition 


Rising  sophistication  of  biomedical  research  activities  at  LAIR  has 
increased  the  requirements  for  biomedical  engineering  support.  The 
objective  of  this  study  is  to  provide  such  support  as  needed  by  investi¬ 
gators  at  LAIR,  to  maintain  responsive,  state-of-the-art  techniques 
sufficient  for  future  needs,  and  to  collaborate  with  institute  investi¬ 
gators  when  appropriate. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A.  Statistical  Library  and  Computer  Graphics.  A  general  purpose 
statistical  library  has  been  created  for  use  on  the  Data  General  ECLIPSE 
C/300.  Among  the  capabilities  of  the  library  are  calculation  of  basic 
descriptive  statistics,  correlation  coefficients,  histograms,  principal 
component  analysis,  T-test  analysis,  and  polynomial  regression  analysis. 
Capability  has  also  been  provided  for  plotting  data  and  results  of 
certain  analyses  on  the  CRT  terminal  screen,  on  the  line  printer,  and 

on  the  Textronlx  plotter, 

B.  Stress-Strain  Data  Acquisition  of  Ligament  Repair  Study.  This 
project  Involves  measuring  the  force  maintained  by  ligaments  and  their 
resultant  elongation  as  a  function  of  time  as  they  are  mechanically 
pulled  to  rupture.  Special  purpose,  automatic  on-line  data  acquisition 
software  has  been  created  for  this  purpose  and  Installed  on  the  Data 
General  NOVA  3/12.  The  obtained  data  are  stored  on  disk  in  a  form 
compatible  with  previously  written  off-line  analysis  programs. 

C.  Cardiopulmonary  Analysis.  This  project  involves  on-line  data 
acquisition  of  cardiopulmonary  variables  from  anesthetized  dogs,  on-line 
analysis  providing  real-time  feedback  to  the  investigator  in  the  form 
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of  analog  graphic  displays,  and  off-line  analysis  of  the  stored  data 
Coward  the  end  of  describing  the  cardiopulmonary  effects  of  various 
kinds  of  anesthesia. 

The  major  part  of  the  on-line  data  acquisition  aspect  of  this  project 
was  initiated  in  1976-77  and  completed  this  year.  Off-line  analysis 
programs  have  been  Implemented  which  provide  capability  for  data  edit¬ 
ing  and  extensive  analysis  of  respiratory  and  cardiovascular  function. 
Including  an  integrated  analysis  of  blood  gas  and  expired  air  content. 

D.  On-Line  Outlier  Detection.  The  problem  is  to  devise  a  way  to 
detect  the  occurrence  of  outlying  (or  obviously  erroneous)  data  points 
or  waveforms  as  they  are  being  acquired  on-line  by  computer  without 

any  a  priori  knowledge  of  the  statistics  or  other  characteristics  of  the 
data.  Mathematically,  the  problem  is  defined  as  deriving  an  algorithm 
which  selectively  rejects  sequential  data  in  a  manner  such  that  the 
mean  of  the  accepted  data  converges  faster  than  the  mean  of  the  total 
(accepted  plus  rejected)  data,  the  variance  of  the  accepted  data  is 
less  than  that  of  the  total  data  and,  under  certain  limiting  assumptions, 
the  error  due  to  outliers  in  the  mean  calculated  from  the  accepted 
data  is  smaller  than  the  error  in  the  mean  of  the  total  data.  In 
statistical  terms,  such  an  algorithm  produces,  in  the  limit,  a  more 
robust  estimate  of  the  mean  of  the  sequentially  arriving  data. 

Progress  has  been  made  toward  identifying  the  necessary  trade-offs 
involved  in  approaching  such  a  problem  and  in  developing  the  necessary 
mathematical  framework  for  deriving  a  solution. 

E.  Base  Excess  Nomogram.  A  system  of  programs  has  been  created 
and  implemented  on  the  Data  General  ECLIPSE  C/300  which  (1)  accepts 
data  concerning  PCO2  content,  pi!  hemoglobin  level,  and  measured  base  of 
excess  of  blood  samples,  (2)  uses  statistical  curve  fitting  routines 

to  calculate  predicted  values  of  pH  as  a  function  of  base  excess  and 
PCO2,  (3)  automatically  modifies  the  fitted  curves  (and  therefore  the 
prediction  of  pH)  to  be  consistent  with  both  known  and  accepted 
hypothetical  relationships  between  pH,  PCO2,  and  base  excess,  and 
(4)  uses  the  reaultant  functions  to  produce  computer  plotted  nomograms 
of  PCO2,  pH  hemoglobin,  and  base  excess. 

CONCLUSIONS 

None 

RECOMMENDATIONS 

None 
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23.  <U)  Various  nutrients  have  been  Implicated  in  wound  healing,  bone  repalTaod 

integrity,  prevention  of  various  cardiovascular  and  degenerative  diseases,  adaptation 
to  environment  and  stresses,  nuscle  functions  and  energy  metabolism.  Objective  Is  to 
conduct  fundamental  research  directed  toward  present  or  potential  military  problems 
concerning  nutrition  and  mtabollsn,  and  the  role  of  diet  in  health,  disease, 
infection,  inauiis  response,  and  recovery  iron  injuries. 

2*.  (U)  Through  use  of  laboratory  anlnals  and  tissue  culture  system,  the  biochemical 

basis  of  the  role  of  nutrients  and  related  compounds  will  be  investigated  as  they  my 
relate  to  the  prevention  and  treatment  of  injury  and  disease,  and  to  the  functioning 
of  military  personnel  under  various  conditions.  Included  for  study  are  interactions 
of  nutrition  in  toxicology  and  parenteral  nutrition,  aspects  of  medicinal  nutrition, 
and  pharmacological  effects  of  vitamins  and  other  nutrients.  Techniques  will  be 
developed  and  investigations  conducted  that  will  provide  knowledge  as  to  the  require¬ 
ments,  ostabollsm,  interactions,  utilisation,  and  functions  of  nutrients  that  my  be 
utilised  in  applied  studies  In  military  medicine  and  ration  development. 

25.  (C)  7  7  jo  -  78  09  A  study  on  copper,  ascorbic  acid  Interaction  in  turnkeys  la 

currently  in  progress.  High  levels  of  ascorbate  tend  to  lower  ceruloplasmin  and  aarum 
;  copper  levels  In  aonktys  fed  diets  containing  marginal  levels  of  copper.  This  work 
,  U!,lt  l'*  terminated  due  to  directed  realignment  of  the  UIK  research  program. 
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PROJECT  HO.  3H611U2B.S02  Basic  Htchaniana  of  Recovery  fron 

Injury 

WORK  UUIT  NO.  056  Biochemical  Easts  of  Nutrition, 

Disease,  and  Recovery  in  Military 
Personnel 

The  following  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  2  Trace  elenents  in  wound  healing,  collagen 
aetabollsa,  and  bone  Mtabollsa 

STUDY  NO.  2  The  effects  of  high  levels  of  ascorbic  add  (vitamin  C) 
and  aarglnal  levels  of  dietary  copper  have  been  studied  in  cynoaolgus 
aonkeys.  Data  froa  this  study  are  still  being  analysed.  However, 
preliminary  observations  indicate  that  high  levels  of  dietary  ascorbate 
aay  have  adverse  effects  on  copper  utilisation  and  aethbollsa. 
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WOKK  UNIT  NO. 


STUDY  NO. 


BODY  OK  REPORT 

056  Biochemical  Basis  of  Nutrition, 

Disease,  and  Recovery  in  Military 
Personnel 

2  Trace  elencnts  in  wound  healing, 

collagen  metabolism,  and  bone 
aetabollsm 


PROBLEM 

Many  trace  elements  are  involved  in  bone  calcification  and  collagen  or 
elastin  metabolism  and  thus  may  be  important  in  recovery  from  injury. 
Copper,  an  essential  trace  element,  is  required  in  elastin  and  collagen 
metabolism.  It  is  also  necessary  for  normal  iron  utilization  and 
energy  metabolism.  A  recent  survey  of  a  military  population  at  Alameda 
Naval  Air  Station  Indicated  that  intakes  of  copper  may  be  marginal  and 
below  National  Research  Council  Recommendations. 

There  has  also  been  a  recent  surge  of  interest  in  vitamin  C  and  also 
an  increase  of  Intakes  of  vitamin  C  by  the  general  population  because 
of  claims  regarding  its  efficacy  in  optimizing  health  In  general. 
However,  studies  in  rats  and  chickens  have  shown  that  large  amounts  of 
vitamin  C  are  detrimental  to  copper  absorption  and  metabolism. 

The  Initial  experiment  in  this  study  was  designed  to  study  the  inpact 
of  high  and  moderate  intakes  of  vitamin  C  on  marginal  copper  Intakes  in 
cynomolgus  monkeys,  a  species  with  similar  requirements  as  man. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Eight  cynomolgus  monkeys  were  maintained  on  a  liquid  diet  containing 
marginal  levels  of  copper  for  29  weeks.  During  the  first  6  weeks,  no 
vltaadn  C  was  added  to  the  diet.  After  4  weeks,  the  monkeys  were 
divided  into  2  groups.  One  group  was  fed  the  recoessended  level 
(1  mg/kg  BW/day)  of  vitamin  C  for  adult  nonkeys.  The  other  4  were 
fed  100  times  that  aaiount.  After  209  weeks,  copper  was  added  back  to 
the  diet  (50  mg/kg  BW/day)  at  l’j  times  the  estimated  requirement. 

After  another  4  weeks,  the  animals  were  returned  to  normal  chow  diets. 
Blood  samples  were  taken  at  weekly  Intervals  and  the  following  parameters 
were  determined:  hemoglobin,  hematocrit,  cell  counts,  series  ferritin, 
serum  iron,  serum  total  iron  binding  capacity,  serum  copper,  cerulo¬ 
plasmin  (a  copper  containing  enzyme  responsible  for  normal  iron 
mobilisation)  and  serial  and  whole  blood  ascorbate  levels. 

Preliminary  observations  indicate  that  added  ascorbate,  in  higher  amotaits, 
adversely  affects  the  sen*  copper  and  ceruloplasmin  levels.  Some 
increases  in  serum  iron  were  noted.  Many  of  the  samples  are  currently 
being  analysed  and  the  data  will  be  evaluated  upon  completion. 
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CONCLUSION 


Preliminary  observations  Indicate  that  high  levels  of  ascorbate 
(vitamin  C)  mav  adversely  affect  copper  utilization  in  monkevs  and  may 
present  a  problem  In  military  nutrition. 

RECOMMENDATIONS 

1.  Interactions  between  different  nutrients  present  In  military  diets 
should  be  carefully  considered. 

2.  Studies  on  the  effects  of  other  trace  elements  on  wound  healing, 
connective  tissue  metabolism,  and  bone  metabolism  are  necessary. 

3.  Studies  on  the  roles  of  essential  trace  elements  on  performance 
and  muscle  dysfunction  should  be  initiated. 

PUBLICATIONS 

2IPORIN,  Z.Z.,  P.P.  WARING,  R.L.  MORRISSEY,  M.E.  LYSNE.  Effect  of 
Vitamin  D  and  Dietary  Content  of  Calcium  and  Phosphorus  on  Protein 
Synthesis  In  Rat  Duodenal  Mucosa.  Report  No.  50.  San  Francisco, 
California:  Letterman  Armv  Institute  of  Research,  March  1978. 


47 


MUAftOt  MO  TICMHW.OCY  WMK  UMT  MUMMY 


■pyw™luEEHB» 


mmtmm 

Mi  MMi 

00-0*41 

[(4  X»H 

E  ■ .  . . 


lU-'-JaWPm'WtTT 


I  wn<  |»MMi  OM  gee--*  CMMOMM 

(V)  Nutritional  Physiol 


'»  ***«*»•**<  Ml  *M*r 

001500  Clinical  Medic  Ins:  012900  F 


Foreign  Intelligence  Not  Applicable 


(U)  Nutrition  and  Environment ;  (U)  Body  Composition; 


,  ..  .»  ~  ’ - ■> — 

21.  (U)  Attainment  and  maintenance  of  optimum  matabriisn  la  of  prime  Import  to  the 

Armed  forces  aod  requires  a  constant  search  for  tysv  nethods  for  Improving  and  evalu* 
at  lag  physiological  status.  Status  reflects  nutrlture  and  body  hydration,  and  may  be 
affected  by  age,  sex,  state  of  health,  dietary  constituents,  vitamins,  hormones, 
therapeutic  agents,  and  varied  stresses,  all  of  which  should  be  reflected  In  body  com* 
position  changes  and  related  physiological  parameters.  General  objective  is  to  conduct 
fundamental  research  that  will  provide  guidance  about  dietary  alterations  and  nutrl* 
tlonal  practices  can  be  applied  for  increased  efficiency  of  nllltary  personnel 
operating  under  various  combat  and  envlronnental  stresses. 

24.  (V)  Approaches  will  be  to  (a)  Investigate  the  physiological  basis  of  nutrition, 
pulmonary  function,  and  physical  status,  utilising  human  subjects  and  experimental 
animals;  (b)  study  the  physiologic  and  metabolic  adaptations  to  nutritional  and 
environmental  stresses.  Including  research  on  the  rulationshlp  of  nutrient  requirements; 
and  (c)  develop  techniques  and  biomedical  Instrumentation  to  neasure  body  composition, 
caloric  requirements,  and  other  nutrient  rsqulrenents;  and  (d)  investigate  through  the 
use  of  animal  models  the  metabolic  and/or  neurophysiological  basis  of  stress  and 
dlet*lnduco*J  changes  In  voluntary  food  and  water  consumption, 

25.  (U)  77  10  -  78  09  An  interface  providing  computer  control  of  two  treadmills 
simultaneously  has  been  developed.  The  final  v«rsf.nn  of  the  Treadmill  Automation 
Systen  (TAS)  has  been  delivered  by  Lavranee  Berkeley  Laboratories.  The  respiratory  mass 
spectrometer  has  been  received  and  1s  being  Implemented  under  TAS  control.  Protocols 

it  lilting  this  new  equipment  are  being  drsfted.  One  protocol  for  using  this  systsm  to 
ivaluate  the  energy  expenditure  In  a  group  of  Marines  has  bsen  developed.  Analysis  of 
late  from  two  studies  of  protein  reoulrements  in  humane  has  been  completed  and  a  report 
Ls  being  drafted. 
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PROJECT  HO.  3M61102BS02  Buie  Mechanisms  of  Recovery  from 

Injury 

WORE  UNIT  NO.  057  Nutritional  Physiology  in  Health 

and  Prevention  of  Injury  in  the 
Hilitary 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  6  Evaluation  of  protein  requirements  during  heavy 
physical  activity 

STUDY  NO. 7  Development  of  instrumentation  and  methodology  for 
evaluating  physiological  status 

STUDY  NO.  6  Analyses  of  samples  -Jd  processing  of  data  collected 
fron  two  studies  on  the  adequacy  of  protein  allowances  during  heavy 
physical  training  (e.g.,  buic  training  of  military  inductees)  have 
been  ongoing.  All  data  have  been  processed  except  for  the  results  of 
the  endurance  walk  and  whole  body  counting  which  will  be  pro¬ 
cessed  after  completion  of  necessary  computer  software.  Analyses  of 
variance  or  covariance  have  bun  completed  on  all  of  the  processed 
data.  Post  hoc  multiple  conpsrison  tests  are  presently  being  prepared. 
Preliminary  evaluation  of  the  results  Indicates  that  dietary  protein 
levels  had  minlnal  effects  on  work  performance  and  body  composition. 

Both  the  NRC  (C,6g/kg  of  body  weight)  and  the  military  (1.49g/kg  of 
body  weight)  allowances  for  protein  appear  to  have  bun  adequate 
for  maintenance  of  work  capacity  and  body  cosipooltion.  Pinal  conclu¬ 
sions  will  be  drawn  after  processing  endurance  and  H0K  data  and  with 
further  statistical  analyses  Including  the  post  hoc  multiple  comparisons 
and  pooslbly  multivariate  analysis  of  variance. 

STUDY  NO.  7  The  complete  and  final  version  of  the  Treadmill  Automation 
System  (TAS)  software  has  bun  received  from  the  vendor  (Lawrence 
Berkeley  Laboratories).  Thu  Respiratory  Mass  Spectrometer  (RMS)  was 
delivered  by  the  University  of  Colorado  and  has  bun  interfaced  with 
the  Data  General  Nova  1220  minicomputer.  This  system  is  now  opera¬ 
tional.  Interfaces  among  the  Modcomp  II  minicomputer  and  the  treadmills v 
*°K  counter  and  Data  General  Eclipse  C/300  (located  in  the  Department 
of  Information  Sciences)  are  all  under  final  tut  or  near  completion. 
Software  for  treadmill  control  and  computer- to- computer  communication 
is  under  final  testing.  However,  much  software  remains  to  be  written 
in  order  to  utilise  fully  the  capabllltlu  of  this  laboratory  system. 
Preparations  are  underway  to  perform  graded  exercise  tutlng  in  the 
field  early  in  PY  79.  Protocols  for  further  studies  in  which  this 
equipment  is  used  and  for  expanding  present  experirjsntsl  methodology  ere 
being  developed. 


BODY  or  REPORT 


WORK  UNIT  NO.  057  Nutritional  Physiology  in  Health  and 

Prevention  of  Injury 

STUDY  NO.  6  Evaluation  of  protein  requirements 

during  physical  training  and  heavy 
physical  activity 


PROBLEM 


Baaic  training  for  Military  inductees ,  advanced  and  specialised 
training  for  most  conbat  ares  personnel,  and  the  refresher  training 
upon  activation  of  the  National  Guard  or  Raeerve  personnel  have  a 
large  portion  of  ties  dedicated  to  physical  training  and  conditioning. 
Any  factors  that  would  contributs  to  tha  efficiency  and  effectiveness 
of  these  prograas  would  benefit  all  services  and  the  personnel 
undergoing  training.  The  amounts  of  dietary  protein  required  during 
physical  conditioning  have  been  a  long-term  cant rove rs\  (for  at  least 
120  years)  and  have  recently  reappeared  In  the  literature.  This  study 
was  designed  to  evaluate  the  adequacy  of  the  National  Academy  of 
Sclences—Natlonal  Research  Council's  Recoaaended  Allowances  (NRC) 
versus  those  of  the  Military  (AR  *0-25)  during  periods  of  physical 
conditioning  and  heavy  physical  activity. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  first  two  phases  of  this  study  were  conducted  during  January 
through  April  1976,  and  the  experimental  details  were  presented  In 
tha  Annual  Reports  FY  76.  Mineral  and  nitrogen  catabolite  concentra¬ 
tions  were  determined  in  samples  of  blood,  urine,  feces,  and  sweat 
collected  during  the  study.  These  data  have  been  processed  and  exasdned 
via  analysis  of  variance.  Appropriate  post  hoc  Multiple  comparison 
teats  are  being  prepared.  Preliminary  information  from  nitrogen 
balance  data  Indicated  that  balances  could  be  attained  at  the  NRC  allow¬ 
ance  of  protein  (0.6  g/kg  of  body  weight)  during  physical  conditioning 
after  a  12-day  sedentary  period  of  adaptation  to  low  dietary  levels 
of  protein,  and  that  the  Military  allrvancea  (100  g/day  or  1.4  g/kg  tf 
body  weight)  were  adequate  for  nitrogen  retention  (which  is  Indicative 
of  increased  auede  ness  or  body  protein  stores).  Faeitlve  pores slua 
balances  were  consistent  with  thess  results.  These  studies  were 
conducted  with  well-defined,  highly  digestible  liquid  diets. 

Processing  of  exercise  physiology  data  is  complete  through  analysis 
of  variance  for  variables  obtained  fron  graded  exercise  testa, 
pulmonary  function  analysis,  and  body  composition  by  anthropometry 
and  water  displacement.  Post  hoc  multiple  comparison  teats  are 
being  prepared  for  theae  data.  Tha  data  from  tha  treadmill  acdurmca 
testa  and  >l0K  shadow  shield  counting  will  be  processed  after  specialised 
computer  software  has  been  developed.  This  software  la  roughly  75Z 
completed. 
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CONCLUSIONS 


Initial  Indication*  were  that  the  NHC  allowances  for  protein  would 
provide  for  nitrogen  balances  during  physical  training  after  adapting 
to  thcsa  diets  and  that  military  allowances  would  provide  sufficient 
proteins  for  increasing  isuacle  mass.  At  this  point,  it  appears  that 
only  nlninal  changes  were  observed  in  work  capacity,  pulmonary 
function,  and  body  composition.  Both  diets  appear  to  heve  been  adequate 
for  maintenance  of  these  parameters.  Multivariate  analyais  of  variance 
is  being  considered  as  a  means  of  discriminating  the  small  differences 
that  may  exist  between  diet  groups  and  from  day  to  day. 

RECOMMENDATIONS 


Data  analyses  should  be  completed  and  the  final  phase  of  the  study 
should  be  conducted,  probably  with  the  use  of  normal  military  diets. 
The  design  for  the  final  phase  of  the  study  will  depend  upon  the  com¬ 
plete  evaluation  of  the  first  two  phases. 

STUDY  NO.  7  Development  of  instrumentation  and 

methodology  for  evaluating  physio¬ 
logical  status 


PROBLEM 


The  effects  of  nutritional  and  environmental  stresses  are  reflected  by 
physiological  status,  including  cardiopulmonary  function,  body 
composition,  and  phvslcal  work  capacity.  Highly  sophisticated  instru¬ 
mentation  and  methodology  are  required  to  investigate  adequately 
the  effects  of  stress  on  these  parameter*.  In  addition,  many  military 
situations  require  the  soldier  to  perform  strenuous  phyaical  activities 
while  under  nutritional  and  environmental  stress.  To  ensure  thnt  the 
soldier  is  ahie  to  perform  adequately  under  such  conditions,  heavy  phya¬ 
ical  activity  must  ho  incorporated  into  experimental  protocols.  Since 
physical  activity  increases  the  difficulty  of  measuring  physiological 
parameters,  more  complex  instrumentation  is  required  for  studies 
involving  activity  than  for  studies  under  static  conditions.  Complex 
instrumentation  and  methodology  also  allow  investigation  of  the  dynamics 
of  the  responses  to  stress,  an  important  factor  in  understanding  the 
response.  The  development  of  a  laboratory  incorporating  high-speed 
instrumentation,  automated  data  acquisition,  complex  computerised 
analysis  porcedures,  end  suitable  methodology  will  facilitate  extensive 
evaluation  of  the  effects  of  nutritional  and  environmental  stress. 

RESULTS  AMD  DISCUSSION  Of  RESULTS 


All  davelopmcnt  work  aimed  at  automating  data  acquisition  under 
control  of  the  Modcomp  II  minicomputer  (MCTl)  and  providing  data  pro¬ 
cessing  of  the  MCTT  and  the  C/300,  via  a  protocol  similar  to  Digital 
Equipmant  Corporation  Network  (DECNET),  has  been  completed.  An 
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Information  exchange  ays ten  between  the  Departments  of  Nutrition  and 
Information  Sciences  is  being  prepared.  The  Respiratory  Mass  Spectro¬ 
meter  (RMS)  has  been  received  and  it  being  Interfaced  in  the  MCII 
under  Treadmill  Autonation  System  (TAS)  control.  The  RMS  has  been  used 
as  a  stand-alone  device  and  has  demonstrated  excellent  performance. 
Early  stages  of  integration  under  TAS  have  met  with  success, 

A  study  of  energy  expenditure,  to  be  performed  during  the  nutrition 
study  at  Tvenfcynine  Pains,  California,  early  in  FY  79,  is  planned. 
Preparations  are  being  made  for  the  MCII  to  control  a  treadmill  accord¬ 
ing  to  the  subject  heart  rate  and  tn  acquire  data  ftom  the  RMS,  process 
the  dsts  for  immediate  feedback  during  the  experiment,  store  the  data 
on  disc  for  future  evaluation,  and  trananit  the  dota  to  the  C/100  for 
back-up  archival, 

CONCLUSIONS 


The  acquisition  of  a  minicomputer  for  on-line  data  processing  and 
experimental  control  during  testing,  and  the  delivery  of  the  RMS  have 
greatly  enhanced  our  capabilities  for  determining  nutrient  requirements 
for  personnel  undergoing  stresses  commonly  encountered  in  military 
situations,  and  for  the  evaluation  of  physical  and  physiological 
status  of  military  personnel.  Most  of  the  instrument  interfacing  and 
computer  programing  required  for  tills  system  has  been  completed. 
Protocols  are  being  developed  to  utilise  this  equipment  and  techniques 
for  evaluation  of  nutrient  requirements  of  personnel  performing  military 
duties  in  various  environments. 

RECOftTCNPATIOHS 

1.  The  present  system  should  bo  completed  and  tested  under  field 
conditions  during  invent igst ions  of  nutritional  status  of  military 
personnel. 

2.  Instrumentation  and  software  will  need  to  be  modified  to  remain 
current  with  state  of  the  art  and,  as  required,  to  accomplish  expedi¬ 
tiously  objectives  of  studies. 

3.  Protocols  should  be  developed  to  respond  to  military  needs  for 
evaluation  of  current  problems  end  to  maintain  optlrw  combat 
readiness  for  the  future  utilisation  of  thase  techniques. 
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23.  (O  Prevention  or  control  of  disease  depends  on  complete  understanding  of  the  ab¬ 
normal  processes  involved,  from  initial  injury  of  the  ceil  to  repair.  These  experiments 
will  encoapass  diseases  of  military  importance  such  as  skeletal  injury  of  soldiers  and 
economically  important  diseases  of  laboratory  animals  .  They  will  provide  information 

on  cellular  response  to  specitlc  injury  and  will  fora  a  basis  for  studies  of  a  more 
clinical  nAture. 

24.  U)  Diseases  of  particular  importance  to  the  Armv  which  arc  poorly  understood  will 
be  studied  at  the  cellular  level  in  appropriate  human  or  anlr.il  cells.  Electron  micros- 
copv,  histochemistry,  and  quantitative  analytical  methods  will  be  used.  Basic  differ¬ 
ence*  between  normal  and  affected  cells  will  be  sough:  and  hypotheses  regarding  the 
disease  mechanism  vll 1  he  proposed  and  tested.  Initial  studies  will  Involve  control  of 
calcium  metabolism  and  earlv  detection  of  diseases  of  laboratory  animals.  A  new  enzyme 
histological  technique,  peroxtdase-antiperoxidase  localization  of  biologically  Important 
proteins,  will  be  standardized  and  Implemented . 

25.  (O  7710-7809  Progress  was  hampered  by  the  departure  of  the  principal  Investigator 
and  requirements  of  assigned  investigators  and  technicians  to  support  other  LAIR  pro¬ 
jects.  Rabbit  anti-owl  monkey  IgC  was  prepsred ,  purified,  end  partially  tested. 

Initial  attempts  to  demonstrate  lgG  in  plasma  cells  in  owl  monkey  lymph  nodes  failed. 
Because  f  the  reorganization  of  LAIR  and  unavailability  of  professional  personnel, 
exper i~ent.il  Investigations  under  this  work  unit  will  be  terminated.  Instead,  new 
st.Jies  t  develop  and  adapt  improved  hlstologl  .al ,  his tochemlcal ,  and  ul trsstructural 
te;  r.icaes  :•  support  LAIR  Investigators  will  be  initiated  under  this  work  unit  during 
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ABSTRACT 

PROJECT  NO.  3M16UO2BS02  Basic  Mechanisms  of  Recovery 

from  Injury 

WORK  UNIT  NO.  061  Disease  Mechanisms  at  the  Cell¬ 

ular  Level 

Hie  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Feasibility  of  the  use  of  lmeaunoenzyme-labeled  anti¬ 
body  in  the  hlstopathological  diagnosis  of  viral 
laboratory  animal  diseases 

Unnumbered  (Reported  under  work  units  of  other  LAIR  investiga- 

Studies  tors) 

Work  performed  under  this  work  unit  included  animal  necropsy,  histopa- 
thology,  clinical  pathology  (hematology,  clincal  chemistry,  mlcrobiol- 
ogy) ,  scanning  and  transmission  electron  microscopy,  and  special 
morphometric  procedures.  These  techniques  were  applied  to  one  study  in 
the  Department  of  Comparative  Medicine  addressing  cellular  responses  in 
disease,  and  to  30  additional  studies  in  collaboration  with  or  in  sup¬ 
port  of  principal  investigators  from  other  departments  in  LAIR  and  LAMC 
as  required.  The  specific  work  units  and  programs  requiring  complete 
veterinary  pathology  support  are  tabulated  in  the  text  of  this  report 
and  all  resulting  publications  are  listed. 

STUDY  NO.  1  Initial  attempts  to  use  the  peroxidase  labeled-antibody 
technique  to  demonstrate  feline  syncytial  forming  virus  (FeSFV)  in  cell 
cultures  were  unsuccessful.  Rabbit  anti-owl  monkey  IgG  was  prepared 
and  purified.  This  antibody  solution  was  used,  along  with  the  immuno- 
peroxidase  procedure,  in  attempts  to  demonstrate  IgG  in  plasma  cells  in 
sections  of  lymph  node.  The  presence  of  background  staining  and  other 
technical  difficulties  led  to  negative  results. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  061  Disease  Mechanisms  at  the  Cellular  Level 

STUDY  NO.  1  Feasibility  of  the  use  of  iramunoenzyme- 

labeled  antibody  in  the  histopathological  di¬ 
agnosis  of  viral  laboratory  animal  diseases 

PROBLEM 

Healthy  laboratory  animals  are  a  vital  resource  for  Army  medical  re¬ 
search.  Diseased  animals  are  wasteful  of  this  resource  and  the  loss  is 
compounded  when  experiments  cannot  be  evaluated  properly  because  of  in- 
tercurrent  disease  In  the  research  animals.  Accurate  and  expeditious 
means  t.o  detect  and  diagnose  diseases,  particularly  viral  diseases,  are 
therefore  highly  desirable.  It  is  usually  impractical  to  use  standard 
procedures  to  culture,  isolate,  and  Identify  the  virus(es)  that  cause 
disease  In  laboratory  animals.  Techniques  using  cnzyme-labelea  specif¬ 
ic  antibody  have  been  used  for  rapid  detection  and  identification  of 
viral  antigens  in  human  tissue.  The  advantage  of  these  techniques  lies 
in  their  rapidity,  sensitivity,  and  reliability.  This  method  will  be 
adapted  to  detect  and  identify  viral  antigens  in  fixed  and  frozen  tis¬ 
sue  as  a  rapid  and  economical  means  to  diagnose  specific  viral  diseases 
of  laboratory  animals.  When  the  technique  is  established  for  a  model 
system,  it  will  be  adapted  by  using  appropriate  antisera  for  quick  iden¬ 
tification  of  other  specific  viral  antigens  which  may  be  present  in  the 
tissues  of  both  sick  and  apparently  healthy  laboratory  animals. 

Candidate  diseases  for  which  a  rapid  specific  detection  method  is  needed 
include  herpes  and  syncytial  viral  (FeSFV)  infection  in  cats,  adenoviral 
infection  in  owl  monkeys,  and  Sendai  viral  Infection  in  rodents.  Sur¬ 
veillance  for  presence  of  viral  agents  is  conducted  under  Project 
No.  3M762772A812,  Work  Unit  No.  002,  Study  No.  3;  viral  isolates  and 
known  Infected  tissue  from  that  work  are  effectively  used  in  this  study. 
If  this  study  is  successful,  this  relatively  inexpensive  technique  will 
preclude  future  need  for  expensive  culture,  isolation,  and  identifica¬ 
tion  of  these  and  similar  viruses. 

RESULTS  AMD  DISCUSSION  OF  RESULTS 

Since  many  of  the  cats  used  as  experimental  animals  at  LAIR  carry  FeSFV, 
we  attempted  to  use  this  system  as  a  model  to  test  the  feasibility  of 
the  enzyme-labeled  antibody  technique  for  immunochemical  diagnosis. 

Cell  cultures  known  to  contain  FeSFV  were  stained  by  the  indirect  meth¬ 
od  using  rabbit  anti-FeSFV  antibodies  and  goat  anti-rabbit  IgG  labeled 
with  the  peroxidase  enzyme.  Results  were  disappointing  because  of  non¬ 
specific  staining,  poor  fixation  of  material,  and  other  technical  diffi¬ 
culties  . 
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Rabbit  anti-owl  monkey  IgC  was  prepared  for  use  in  immunohistochemical 
procedures  as  follows.  Owl  monkey  IgC  was  precipitated  from  whole  ser¬ 
um  by  addition  of  saturated  ammonium  sulfate.  After  purification  with 
the  superfine  grade  of  Sephadex  G-200,  the  IgG  with  Freund's  complete 
adjuvant  was  injected  3  times  into  rabbits.  Gamma  globulin  from  the  re¬ 
sulting  hyperimmune  rabbit  anti-owl  monkey  serum  was  precipitated  with 
ammonium  sulfate  3  times,  redissolved  and  stored  in  vials  at  -4Q°C. 
Initial  attempts  were  made  to  use  this  material  to  demonstrate  IgG  in 
plasma  cells  of  owl  monkey  lymph  node.  The  peroxldase-antiperoxldase 
technique  was  used.  Intense  background  stnining,  poorly  preserved  lymph 
node  tissue,  and  technical  difficulties  led  to  negative  results.  Work 
on  this  study  had  to  be  curtailed  in  order  to  provide  support  to  other 
studies  with  higher  priority. 

CONCLUSIONS 


The  development  of  a  peroxidase-labeled  antibody  method  to  diagnose  vi¬ 
ral  diseases  in  laboratory  animals  may  be  feasible.  If  an  accurate,  re¬ 
liable,  and  sensitive  technique  were  available,  it  Would  be  extremely 
valuable  in  animal  colony  disease  surveillance  and  control.  Development 
and  testing  of  the  technique  will  be  difficult  and  time-consuming  and 
should  be  undertaken  by  an  investigator  who  can  devote  considerable  time 
to  the  study. 

RECOMMENDATIONS 


This  study  will  be  terminated  because  of  the  departure  of  the  principal 
investigator  and  co-investigator,  and  reorganization  of  LAIR.  New  stud¬ 
ies  to  develop  and  adapt  Improved  histological,  histochemical ,  and  ui- 
trastructural  techniques  to  support  LAIR  investigators  should  be 
initiated  following  reorganization. 

PUBLICATIONS 


None 


UNNUMBERED  STUDIES 

In  addition  to  the  cell-level  studies  of  disease  mechanisms,  this  work 
unit  provided  support  in  path 'logy  and  electron  microscopy  for  all  in¬ 
vestigators  of  LAIR  and  Clinical  Investigation  Service  (CIS),  Letteraan 
Army  Medical  Center.  Specific  veterinary  pathologic  services,  i.e., 
animal  necropsy,  microbiology,  histopathology ,  and  clinical  pathology; 
and  special  techniques,  i.e.,  histochemistry,  morphometry,  and  electron 
microscopic  autoradiography,  were  performed.  Based  on  careful  records 
for  FY  1978,  approximately  $28,000  was  spent  from  this  work  unit  for  pa¬ 
thology  services  to  investigators  in  other  work  units.  The  sum  includes 
civilian  technicians'  pay  and  benefits,  expendable  supplies,  and  pro¬ 
rated  overhead  for  civilian  and  military  technicians.  Officer  (investi¬ 
gator)  salaries  and  overhead,  equipment,  and  costs  attributable  to 
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administrative  functions  and  leave  are  not  included  in  this  figure. 

Support  and  collaboration  by  veterinary  pathologists  were  provided  for 
the  LAIR  studies  listed  below.  Outcome  of  those  stud.'is  is  reported 
elsewhere  in  this  annual  report.  Publications  resulting  from  collabo¬ 
rative  efforts  are  listed  at  the  end  of  this  section. 

LAIR  STUDIES  PROVIDED  WITH  COLLABORATION/SUPPORT 

BY  VETERINARY  PATHOLOGISTS  -  FY  1978 


Project  No, 

Work  Unit 

Project  No. 

Week  Unit 

3A161101A91C 

040 

3M762772AL12 

001 

042 

002 

043 

003 

045 

024 

046 

3E762772A813 

025 

3M161102BS02 

056 

3S76277A2814 

004 

065 

008 

067 

009 

070 

Oil 

071 

013 

3M62772A810 

001 

016 

004 

019 

010 

3M762772A811 

001 

002 

004 

007 

010 

Support  and  col laborat ion  were  also  provided  by  veterinary  pathologists 
to  several  Clinical  Investigation  Service,  Letterman  Army  Medical  Center 
studies,  the  majority  of  which  are  still  incomplete.  The  services  in¬ 
cluded  animal  tissue  evaluations  in  studies  of  synthetic  prostheses  for 
large  veins,  treatment  of  experimental  spinal  cord  trauma.  Induced  preg¬ 
nancy  toxemia,  and  osteomyelitis. 

PUBLICATIONS 

1.  CHANDLER,  J.S.  and  T.J,  BUCC1.  The  ontogenesis  of  calcium-binding 
protein  in  fetal  rat  kidney,  (submitted  for  publication) 

2.  FRIEDMAN,  H.I.,  F.  DeVENUTO,  L.  LOLL IN I,  P.  MELLICK,  and  T.  ZUCK. 
Morphological  effects  following  massive  exchange  transfusions  with  a 
stroma  free  hemoglobin  solution.  I.  Liver.  Lab  Invest  39:167-177, 
1978 
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3.  FRIEDMAN,  H.I.,  F.  DeVENUTO,  L.  LOLLINI,  P.  MELLICK,  and  T.F.  ZUCK. 
Morphological  effects  following  massive  exchange  transfusions  with  a 
stroma  free  hemoglobin  solution.  II.  Kidney  &  brain,  (submitted 
for  publication) 

4.  KELLEY,  S.T.,  T.J.  BUCCI,  and  S.  SILVERMAN.  Physical  growth  and 
skeletal  maturation  in  laboratory  born  owl  monkeys  (Aotus  sp.) . 
(submitted  for  publication) 

5.  MORRISSEY,  R.L.,  D.T.  ZOLOCK,  T.J.  BUCCI,  and  D.D.  B1KLE.  Immuno- 
peroxidasc  localization  of  vitamin  D  dependent  calcium-binding  pro¬ 
tein.  J  Histochem  Cytochera  (in  press) 

6.  MORRISSEY,  R.L.,  D.T.  ZOLOCK,  D.D.  BIKLE,  R.N.  EMPSON,  JR.  and 
T.J.  BUCCI.  Intestinal  response  to  a  25-dihydroxy  cholecalciferol. 

I.  RNA  polymerase,  alkaline,  phosphatase,  calcium,  and  phosphorous 
in  vitro  and  in  vivo  calcium  transport  and  accumulation.  Biochira 
Biophys  Acta  538:23-33,  1978 

7.  MORRISSEY,  R.L.,  R.N.  EMPSON,  JR.,  D.T.  ZOLOCK,  D.D.  BIKLE,  and 
T.J.  BUCCI.  Intestinal  response  to  a  25-dihydroxy  cholecalciferol. 

II.  Cellular  localization  of  calcium-binding  protein.  Biochim 
Biophys  Acta  538:34-41,  1978 
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23.  (U)  Upper  respiratory  infection  is  ths  aost  consson  Illness  that  affects  allltary 
personnel.  Soldiers  arc  frequently  exposed  occupationally  to  airborne  chealcal  agents 
that  daaage  respiratory  tissues.  Knowledge  of  bsslc  aechanisas  by  which  respiratory 
eplthellua  is  repaired  following  Injury  is  inadequate  and  Is  required  so  that  clinical 
management  of  personnel  with  acute  respiratory  Injury  can  be  laproved.  An  animal  model 
to  study  basic  repair  aechanlsms  in  the  respiratory  tract  will  be  developed. 

24.  (U)  The  Initial  experiment  in  this  vork  will  be  done  in  rats.  Anlaals  will  be  ex¬ 
posed  to  sublcthal  concentrations  of  a  corrosive  gas  to  produce  respiratory  injury.  The 
duration  of  cell  cycle  phases  in  exposed  and  control  animals  will  be  determined  at  three 
levels  of  the  respiratory  tract  by  autoradiographic  techniques.  Epithelial  prolifera¬ 
tion  and  differentiation  will  be  studied  by  light  aicroscopy,  scanning  and  transmission 
electron  microscopy,  and  electron  microscopic  autoradiography.  Scad  qualitative  tech¬ 
niques  to  assess  the  regenerative  capacity  of  respiratory  epithelium  will  be  developed 
and  standardised .  Smokes  and  gases  noxious  to  troops  can  then  be  compared. 

25.  (l’>  7710-7809  Lung  tissues  of  all  control  and  oaone-exposed  rats  that  were  sacri¬ 
ficed  at  Intervals  from  30  adnutes  through  48  hours  after  injection  with  tritlatcd  thy¬ 
midine  have  been  prepared  for  light  microscopic  autoradiography.  Preliminary 
examination  of  lungs  from  dogs,  cats,  pigs,  rhesus  monkeys,  and  owl  monkeys  suggests 
that  the  primate  lung  more  closely  resembles  the  human  lung  mo rpho logics 11 y  and  would 
thus  provide  the  most  suitable  animal  sudcl  for  future  pulmonary  studies.  Progress  was 
cur  tailed  greatly  because  of  requirements  to  provide  electron  microscopy  support  to 
other  HIR  projects  with  higher  priority.  This  work  unit  will  be  terminated  because  of 
reorgani ration  of  LAIR. 
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ABSTRACT 


PROJECT  NO.  3MI61102BS02  Basic  Mechanisms  of  Recovery  from 

Injury 

WORK  UNIT  NO.  062  Response  of  the  Respiratory  System 

to  Injury 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Epithelial  regeneration  in  tne  upper  respiratory 
tract  following  acute  oxidant  injury 

Unnumbered  (Reported  under  work  units  of  other  LAIR  investi- 

Studies  gators) 

Work  performed  under  this  work  unit  included  transmission  and  scanning 
electron  microscopy,  special  morphometric  procedures,  and  autoradio¬ 
graphy  (both  light  microscopy  and  transmission  electron  microscopy). 
These  techniques  were  applied  to  one  study  in  the  Department  of  Com¬ 
parative  Medicine  addressing  the  regenerative  response  of  the  lung 
following  acute  oxidant  injury  and  to  12  additional  studies  in  collabo¬ 
ration  with  or  in  support  of  other  principal  investigators.  The  latter 
effort  represented  complete  support  in  ultrastructural  evaluation  of 
tissue  for  LAIR  Investigators  who  required  it.  The  specific  work  units 
and  programs  supported  are  tabulated  in  the  text  of  this  report  and  all 
resulting  publications  are  listed. 


STUDY  NO.  1  Fifty-two  sections  of  lung  and  fifty-two  sections  of 
trachea  from  twenty-six  ozone-exposed  and  twenty-six  control  rats  killed 
at  intervals  following  tritiated  thymidine  injection  were  processed  for 
light  microscopic  autoradiography.  Much  of  this  work  had  to  be  re¬ 
peated  because  of  technical  difficulties  associated  with  development  of 
the  photographic  emulsion  and  subsequent  staining  of  tissue  sections. 
Examination  of  these  preparations  indicates  that  they  are  of  sufficient 
quality  and  labeling  intensity  for  analysis.  Preliminary  examination 
of  autoradiographs  of  tracheas  from  control  animals  revealed  only  a  few 
labeled  cells,  a  situation  which  poses  major  difficulties  in  determina¬ 
tion  of  comoonent  phases  of  the  cell  cycle.  Normal  lungs  of  three  dogs, 
three  cats,  one  pig,  two  rhesus  monkeys,  and  one  owl  monkey  were 
examined  by  light  microscopy  and  scanning  electron  microscopy  in  an  ef¬ 
fort  to  determine  which  of  these  species  had  distal  pulmonary  airway 
structure  (respiratory  bronchioles)  a»st  closely  resembling  that  of 
human  lungs.  Sections  of  distal  airway  from  one  animal  of  each  of  these 
species  was  examined  by  transmission  electron  microscopy.  Of  the 
distal  airways  examined,  those  of  the  rhesus  monkey  most  closely  re¬ 
sembled  those  of  hunsn  lungs  suggesting  that  this  species  might  provide 
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the  most  useful  model  for  studies  designed  to  study  the  response  of 
distal  airways  to  inhaled  materials. 
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BODY  OF  REPORT 


WORK  UNIT  NO,  062  Response  of  the  Respiratory  System 

to  Injury 

STUDY  NO.  1  Epithelial  regeneration  in  the  upper 

respiratory  tract  following  acute 
oxidant  Injury 


PROBLEM 

Upper  respiratory  Infection  is  the  most  common  illness  that  effects 
military  personnel  both  in  training  and  in  combat  situations.  Soldiers 
are  frequently  exposed  occupationally  to  airborne  chemical  agents  that 
damage  respiratory  tissues.  Of  the  91  chemical  compounds  that  are  com¬ 
ponents,  by-products,  or  reslduea  of  pyrotechnic  devices  In  use  or  under 
development  by  DOD  agencies.  25  Stave  been  shown  to  be  moderately  or 
severely  toxic  to  humans  cr  animals  when  the  fumes  are  Inhaled.  Explo¬ 
sive  and  incendiary  munitions  have  similar  chemical  composition  and, 
therefore,  constitute  an  additional  toxic  hazard,  especially  to  troops 
exposed  in  confined  spaces  such  as  bunkers,  entrenchments,  and  armored 
vehicles.  Epidemiological  evidence  and  clinical  experience  Indicate 
that  chemically  induced  injury  to  respiratory  tissues  can  predispose  a 
person  to  upper  respiratory  infection  and  other  non-lnfectlous  but 
equally  debilitating  pulmonary  disease. 

Knowledge  of  basic  mechanisms  by  which  upper  respiratory  epithelium 
heals  is  Inadequate  and  is  required  so  that  treatment  and  clinical 
management  of  patients  with  upper  respiratory  injury  can  be  Improved. 
Thi*  study  was  initiated  to  develop  a  laboratory  animal  model  for  study 
of  basic  repair  mechanisms  in  the  respiratory  tract. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


As  indicated  in  the  Annual  Research  Progress  Report  for  FY  77,  upper 
respiratory  epithelial  injury  was  produced  in  rats  by  subjecting  them 
to  non-lethal  concentration  (0.8  ppm)  of  a  highly  corrosive  gas  (ozone) 
for  8  h.  Exposed  and  control  rats  were  given  500p  Cl  thymidine  by 
intraperltoneal  injection  immediately  following  ozone  exposure.  They 
were  killed  at  Intervals  following  Injection  of  the  isotope.  Trachea 
and  lungs  from  each  animal  were  fixed  by  airway  perfusion  with 
Karnovsky's  fixative  for  subsequent  examination  by  light  microscopy 
(LM) ,  transmission  electron  microscopy  (TEM) ,  scanning  electron  micros¬ 
copy  (SF.M),  and  LM  and  TEM  autoradiography. 


No  lesions  were  detected  in  tissues  of  control  animals.  Exam4.  ■  on  of 
tissues  from  selected  exposed  rats  by  LM  and  SEM  indicated  tha,  chc 
degree  of  epithelial  injury  produced  by  ozone  exposure  should  be 
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sufficient  to  stimulate  epithelial  regeneration  in  terminal  bronchioles 
and  alveolar  ducts. 

During  the  reporting  period,  cross  sections  of  mid-cervical  trachea  and 
longitudinally  bisected  sections  of  terminal  bronchioles  from  the 
52  rats  killed  during  the  first  48  h  after  injection  were  coated  with 
photographic  emulsion  for  LM  autoradiography.  LM  autoradiographic 
preparation  of  many  tissue  specimens  had  to  be  repeated  because  of 
technical  difficulties  encountered  in  the  development  of  photographic 
emulsion  and  subsequent  staining  of  tissue  sections. 

Examination  of  autoradiographs  indicates  that  the  quality  of  prepara- 
tlon  and  intensity  of  nuclear  labeling  is  sufficient  to  identify  post: 
mitotic  cells.  However,  the  number  of  cells  labeled,  especially  in 
sections  of  trachea  from  control  animals,  may  not  be  sufficient  to  de¬ 
termine  cell  cycle  times. 

In  human  lungs  the  typical  distal  airway  consists  of  well -developed 
respiratory  bronchioles.  These  small  airways  are  prlsie  targets  for 
damage  by  Inhaled  noxious  agents.  The  pathogenesis  of  chronic  obstruc¬ 
tive  pulmonary  disease  has  been  linked  to  damage  of  these  airways. 

Rats  lack  we  11 -developed  respiratory  bronchioles  and  are,  therefore, 
not  an  ideal  animal  model  for  pulmonary  studies  designed  to  evaluate 
the  effect  of  inhaled  materials  on  distal  airways.  During  this  report¬ 
ing  period,  normal  lungs  from  3  dogs,  2  cats,  l  pig.  2  rhesus  monkeys, 
and  1  owl  monkey  became  available  for  study.  These  animals  were  in¬ 
volved  in  other  LAIR  studies  which  had  no  effect  on  pulmonary  structure. 
Lungs  from  these  animals  were  examined  grossly,  histologically,  and  by 
scanning  electron  microscopy.  Distal  airways  from  one  animal  of  each 
species  were  examined  by  transmission  electron  microscopy.  Although 
there  are  many  variations  in  ultrantrccture  of  bronchlolar  epithelium 
in  the  species  examined,  results  indicate  that  the  dog,  cat,  rhasus 
monkey,  and  owl  monkey  have  respiratory  bronchioles  more  closely  re¬ 
sembling  those  In  hunnn  lungs  (although  there  are  algnificant  differ¬ 
ences)  , 

CONCLUSIONS 

Exposure  of  rats  to  0.8  ppm  orone  for  8  h  produces  sufficient  damage  in 
terminal  bronchioles  to  stimulate  epithelial  regeneration:  it  la 
doubtful  that  such  exposure  significantly  increase*  the  labeling  index 
in  the  trachea.  Increase  in  the  duration  of  exposure  or  Che  concentra¬ 
tion  of  osone  would  probably  increase  the  value  of  the  model  for  study 
of  epithelial  repair  in  the  trachea.  The  rhesue  monkey  has  distal  air¬ 
way  structure  similar  to  that  of  man,  and,  therefore,  would  be  a  more 
suitable  animal  model  for  definitive  pulmonary  studies  than  would 
either  the  rat,  pig,  dog,  cat,  or  owl  monkey. 

Progress  on  this  investigation  was  sharply  curtailed  because  of  require¬ 
ment*  to  support  other  LAIR  work  units. 


RECOMMENDATIONS 


Although  It  hue  multiple  potential  application  in  military  medicine, 
the  electron  microscopy  facilities  will  be  required  for  support  of 
other  projects  after  the  reorganization  of  the  Institute.  Since  there 
trill  be  Insufficient  technical  assistance  and  investigator  input  avail¬ 
able  to  continue  thie  investigation,  this  study  is  being  terminated. 

PUBLICATIONS 


None 

UNNUMBERED  STUDIES 

In  addition  to  pulmonary  studies,  this  work  unit  provided  support  in 
electron  microscopy,  morphometry,  and  autoradiography  for  other  LAIR 
projects.  Approximately  $23,000  was  spent  from  this  work  unit  for  ser¬ 
vices  to  investigators  in  other  work  units.  The  sum  Includes  civilian 
technicians'  pay  and  benefits,  expendable  supplies,  and  pro-rated  over¬ 
head  for  civilian  and  military  technicians.  Officer  (investigator) 
salaries  and  overhead,  equipment  and  costs  attributable  to  leave  and 
administrative  functions  are  not  Included  in  this  figure.  Support  and 
collaboration  by  officers  and  technicians  on  studies  requiring  electron 
microscopy  are  indicated  below.  Results  of  those  studies  are  reported 
elsewhere  in  the  Annual  Report. 

LAIR  Studies  Provided  With  Support 
in  Electron  Microscopy.  H>rphometry,  or  Autoradiography 


Project  No. 

Work  Unit 

3A161101A91C 

046 

042 

3K161 102BS02 

056 

061 

3M762772AE10 

001 

3M762772A811 

007 

3M762772A812 

001 

3E762772A81J 

025 

3S762772A814 

004 

Oil 

016 

019 

PUBLICATIONS 

None 
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23.  (U)  The  severe  stress  encountered  in  vanare  may  Influence  the  soldier's  ability  to 
perform  coafcat  essential  activities  with  uuLXimu*  efficiency.  The  objectives  of  this 
research  are  to  study  1)  weapons  effects  on  the  performance  of  military  tasks,  2)  weapons 
systems  environments  and  cost at  effectiveness,  ead  3)  biomedical  factors  limiting  soldier 
effectiveness.  Research  la  conducted  under  iield  conditions  and  in  tha  laboratory. 

24.  (U)  Animals  or  human  subjects  are  subjected  to  conditions  which  produce  stress  of 
varyi»g  Intensity  and  durations.  The  effects  of  stressors  are  confirmed  biochemically 
and  through  observation  of  physiological  and  psychological  indices.  Experimental  stress 

l  ia  then  related  to  the  ability  of  subjects  to  perform  various  tasks.  For  human  subjects, 
target  acquisition  and  tracking,  communications,  endurance,  and  vigilance  tasks  ara  em¬ 
ployed.  Operant  techniques  are  used  with  ar.imaisubject* . 

;  23.  (0)  (7710-7809).  A  field  simulation  laboratory  has  been  constructed  which  will  fa¬ 
cilitate  the  ccmtrolled  investigation  of  biomedical  factors  which  may  Influence  later 
designator  operations  through  thair  effects  on  the  individual.  The  laboratory  includes  a 
sand  bog  bunker  housing  a  laser  designator,  a  terrain  model,  and  scale  model  rtmote  ccmtrt 
tarI€t*-  Automatic  data  acquisition  and  computer  control  of  experimental  conditions  are 
employed.  Baseline  designator  operator  performance  data  are  being  collected.  These  data 
will  be  used  to  validate  the  siuulation  against  comparable  date  collected  under  field 
conditions. 
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ARKTRACT 

PROJECT  NO.  3F.161102RS02  Haute  Mechanism  of  Recovery  fron 

Injurv 

WORK  UNIT  NO.  0*5  Military  Stress  and  Combat 

Fffectiveness 

The  following  investigation  has  been  conducted  under  thta  work  unit: 

STUDY  NO.  A  Htoredlcal  factors  affecting  laser  designator 
operator  performances. 

The  Increasing  use  of  laser  devices  in  traininr,  as  well  as  their 
proposed  use  In  corbat  operations,  has  led  to  the  studv  of  biomedical 
factors  related  to  laser  operations.  A  laboratory  has  been  established 
which  will  provide  essential  infnrrntion  concerning  the  effects  on 
laser  designator  operators  of  psychological  stress  environmental 
factors,  and  anti-personnel  countermeasures.  Preliminary  data  are 
available  fron  volunteers  who  utied  a  laser  desir.nator  to  track  scale 
model  remote  controlled  targets  under  simulated  field  conditions. 

These  data  will  be  used  to  validate  the  simulation  through  comparison 
of  the  laboratory  data  with  published  data  obtained  usinp  laser 
designators  under  field  conditions. 


f>7 


BODY  OF  REPORT 


WORK  UNIT  NO.  065  Military  Strews  and  Combat 

Effectiveness 

STUDY  NO.  6  Biomedical  factors  affecting  laser 

designator  operator  performance 

PROBLEM 

Laser  rangefinder-designator  devices  and  laser  weapon  systems  will  play 
an  important  role  in  future  military  operations.  The  increasing  use  of 
laser  devices  in  training,  as  well  as  their  proposed  use  in  combat 
operations,  has  led  to  the  study  of  biomedical  factors  related  to 
laser  op^  :  nns.  As  one  part  of  this  effort,  a  laboratory  has  been 
established  in  which  those  biological  and  behavioral  variables  which 
could  influence  laser  rangefinder-designator  operator  performance  will 
be  studied.  This  laboratory  will  provide  essential  information 
conceminR  the  effects  on  laser  designator  operators  of  psychological 
stress,  environmental  factors  and  anti-personnel  countermeasures. 

RESISTS  AND  DISCUSSION  OF  THE  RESULTS 

The  field  simulation  which  has  been  developed  consists  of  a  sand-bag 
bunker,  terrain  model,  a  laser  rangef indcr-designator ,  remotely 
controlled  targets,  and  a  control  room.  The  bunker  houses  the  laser 
designator.  It  is  also  used  to  control  the  soldier’s  working  environ¬ 
ment  and  to  provide  a  degree  of  isolation  from  distractions  occurring 
elsewhere  in  the  laboratory.  The  terrain  model  represents  a  desert 
environment,  but  may  be  readily  modified  to  simulate  other  operational 
environments.  The  laser  rangefinder  designator  was  designed  to 
incorporate  features  of  similar  devices  which  are  being,  considered  for 
field  deployment.  Thus,  the  operator  performance  data  obtained  with 
the  use  of  this  device  will  be  applicable  to  existing  and  proposed  laser 
designator  svstems.  The  target  vehicles  are  capable  of  variable  speed 
remote  controlled  movement  anywhere  on  the  terrain  model,  Paeh  vehicle 
is  equipped  with  an  electronic  locating,  device  which  is  used  to  monitor 
target  movements  during  the  execution  of  manual  or  computer  controlled 
target  maneuvers.  The  tarr.et  vehicles  are  also  enulpned  with  laser 
sensors  which  transmit  coded  radio  frequency  signals  whenever  laser 
irradiation  from  the  designator  contacts  critical  target  xones  on  the 
vehicle.  These  signals  are  processed  to  provide  one  source  of  infor¬ 
mation  concerning  the  aiming  and  tracking  abilities  of  the  designator 
operators. 

Preliminary  data  are  available  from  volunteers  who  used  the  laser 
designator  to  track  targets  during  simple  ieft-to-right  and  rlght-to- 
left  target  maneuvers.  These  data  will  be  used  to  validate  the 
simulation  through  comparison  of  the  laboratory  data  with  published 
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data  obtained  when  laaer  designators  are  used  under  field  condition*. 
Statistical  analyse*  of  the  prclirinary  data  are  in  propress. 

CONCLUSIONS 

None 

RECOMMENDATIONS 

Oata  reduction  and  analy*.~*  should  he  completed. 

PUBLICATIONS 

None 

otiifr  pi-bucations  pp.rPArm  bv  croup 

1.  STAMPP.H,  D.  A.  Physiological,  Psychological,  and  Synptonatic 
Factors  Affcctinp  Prolonged  Physical  Pcrfnmance.  Report  No.  56. 
San  Francisco,  California:  Lettemnn  Amy  Institute  of  Research, 
July  1«7R 

2.  LEIBRFCIIT,  B.  C.,  A.  LI-OYD,  and  P.  A.  O'MAPA.  Field  Study  of 
Stress:  Psychophyaiolopienl  Measures  durinp  Project  SITE.**.  I.AIr 
Report  No.  W.  San  Francisco,  California:  Letteman  Amy 
Institute  of  Research,  Julv  1978 
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23.  (L)  The  objective  is  to  define  the  physical -chealcal  characteristics  of  the  stratuJ 

corneic  and  its  interaction  with  water,  chcsicals,  •  Itraviolct  radiation,  and  environment 
.These  characteristics  arc  fundamental  to  the  etiologv  of  several  epidemic  d crnatologi cal  1 
(disorders  caused  by  exposure  of  the  soldier's  skin  to  the  environment  and  are  also  appli-J 
jcablc  to  the  behavior  of  Topical  preparations  in  human  skin 

(I)  Measurements  of  skin  perecabili/v  and  evaporation  vates  of  insect  repellents  in 
K-ltro  and  in  animals  continue  to  provide  guidelines  for  formulating  compound*  and  vehicle 
|to  extend  the  duration  on  the  sxin  and  thereby  increasing  protection.  These  measurements 
lAlso  provide  toxlcol,  gical  data  for  estimation  of  chemical  exposure  following  topical 
Japp  1  teat  ion  in  can. 

rj.  (I-'  77  10  -  78  09.  The  percutaneous  penetration  of  three  radiolabeled  insect  rep?l 

Jicnts  was  determined  in  hairless  dogs.  Following  both  intraveneous  and  topical  adminis¬ 
tration,  urine,  feces  and  blood  samples  were  assayed  for  radioactivity  by  scintillation 
•counting.  The  evaporation/pcnetratlon  characteristic*  of  three  radiolabeled  insect  repel 
pents  were  detcreined  in  vitro  permeability  chambers;  methodology  developed  can  be  used 
jto  determine  repellent  evaporation  in  man  for  r.on-radiolabe led  repellents. 
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PROJECT  NO.  3K161 102LR02  Basic  >>echanism*  of 

recovery  fror  Injury 

WORK  UNIT  NO.  066  Physical ,  Chemical  Char¬ 

acteristics  of  Human 
Stratum  Corneum 

The  following  investigations  have  been  conducted  under  this  work 
unit : 

STL'PY  NO.  1  Percutaneous  absorption  of  C-14  labeled  Insect 
repellents  in  hairless  dops 

STUDY  HO.  2  Penetration/evaporation  of  C-14  labeled  Insect 
repellents  in  vitro 

STUDY  No.  3  Chemical  assav  of  insect  repellents 

STUDY  Nf\  1  The  percutaneous  penetration  of  three  Insect  repel¬ 
lents,  m-deet,  p-deet,  and  ethylhexanediol  were  determined  in  the 
hairless  dop.  The  results  compared  favorably  to  available  human  data. 

STUDY  NO.  2  The  in  vitro  evaporation-penetration  characterlstlca 
of  o-deet,  p-deet,  and  ethvlhcxanediol  have  been  studied  on  excised 
akin.  The  techninuc  developed  can  be  extended  to  measurement  of 
evaporation  rates  with  non- labeled  repellents. 

STUDY  No.  3  Chemical  assays  have  been  developed  and  determination* 
have  been  made  of  physical  characteristics  of  3  Insect  repellents 
(r-deet,  p-dect,  and  cthylhcxanediol) .  These  procedures  provide 
necessary  support  for  forthcorinp  formulation  studies. 
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WORK  UNIT  NO.  066 


STTUDY  NO.  1 


BODY  OP  REPORT 

Physical,  Chemical  Charac¬ 
teristics  of  Hunan  Stratum 
Corneua 

Percutaneous  absorption  of 
C-14  labeled  insect  repellents 
in  hairlesii  dogs 


PROBLEMS 

The  htairless  dog  is  a  promising  animal  model  for  screening  insect 
rcpeHlents.  The  dog  compares  favorably  to  man  in  respect  to  the 
duration  of  time  that  repellents  remain  effective.  For  the  most  com¬ 
monly  used  insect  repellents,  N,N-dlethyl-m-toluanide  (m-doet),  N,N- 
dlethpl-p-toluamide  (p-deet) ,  and  2-ethyl-l,3-hexanediol,  the  duration 
of  protection  time  in  man  versus  dog  is  5.7  vs  7.2  h,  4.8  vs  5.2  h  and 
3.9  m  3.3  h,  respectively,  when  all  were  tested  at  a  dose  of  0.32 
mg tar  (Study  No.  2,  Work  Unit  003).  It  was  therefore  important  to 
determine  the  permeability  characteristics  of  the  skin  on  the  dog's 
back  (where  insect  repellents  are  tested)  and  to  compare  thin  to 
available  human  data. 

The  srtudv  was  divided  into  two  phases  for  each  compound:  Intravenous 
administration  of  approximately  2  uCl  to  3  dogs  and  then  topical 
application  of  approximataly  5  yCl  to  .3  dogs.  The  intravenous  phase 
permitted  correction  of  iceouplecenass  of  excretion  during  the  topical 
phase.  During  both  phases,  the  hairless  dogs  were  housed  individually 
In  metabolic  cages  for  urine  and  feces  collection. 

RESULTS  AND  DISCUSSION  Of  RESULTS 

Urinary  excretion  was  the  major  route  of  eli  inatlon  of  the  Carbon-14 
labeled  insect  repellents  m-deet,  p-deet,  and  2-ethyl-l,3-hexatiedfol 
in  thm  hairless  dog  after  Intravenous  and  topical  application. 
Insignificant  amounts  were  found  in  the  feces  from  both  administration 
routmi.  After  intravenous  administration,  average  urine  recoveries 
were  90.62  for  m-deet,  87.52  for  p-deet,  and  86. 1Z  of  the  applied 
dose  for  2-ethyl-l,3-haxanediol;  the  bulk  of  the  radioactivity  was 
recovered  within  the  flrat  24  h.  Blood  level  radioactivity  fall  to 
near  background  aftar  4  to  8  h  with  all  of  the  compounds  aftar  intra¬ 
venous  administration. 

After  topical  administration,  average  urinary  recoveries  (corrected 
for  incompleteness  of  excretion  as  detarmlned  by  the  intravenous 
administration;  were  /.9X  for  m-deet,  7.6Z  for  p-deec,  and  10.3  2  for 
2-ethyl-l,3-hexanedlol.  Excretion  was  near  complete  after  4  to  5  days. 
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Radioactivity  leva la  in  the  blood  samples  after  topical  administration 
were  too  low  to  be  determined  accurately. 

Substantial  amounts  of  radioactivity  were  recovered  froa  the  peripheral 
protective  patches  used  in  the  topical  experiments  with  average 
recoveries  of  75. 3X  for  m-deet,  73. 6X  for  p-deet ,  and  52. 8X  for 
2-etnyl-l,3-hexanediol.  Since  the  patches  did  not  physically  to%ch 
the  application  areas,  these  levels  probably  arose  from  evaporation  of 
repellent  from  the  skin  surface,  and  from  naturally  shed  stratum  corns sw 
that  was  trapped  in  the  patch.  Total  recoveries  for  the  topical  phase 
were  83. 7%  for  m-deot,  82. OX  for  p-deet  and  63. OX  for  2-e thy 1-1,1- 
hcxanediol.  Only  small  amounts  (approximately  IX  or  less  of  the 
applied  dose)  of  radioactivity  were  recovered  from  thr  skin  surface 
«8  and  96  h  after  application.  This  was  expected,  since  the  compounds 
studied  provide  only  3  to  7  h  of  protection  against  mosquitoes  at  the 
doses  used  (0.32  mg/ca?)  (Study  No.  2,  Work  Unit  003). 

In  otlr  study,  recovery  of  radioactivity  in  the  dog  urine  after 
Intravenous  administration  was  considerably  higher  than  has  been 
reposted  by  others  in  man  (90. 6X  vs  52. 3X),  although  the  rate  of 
urinary  excretion  in  the  dog  following  intravenous  administration  was 
comparable  to  that  in  man.  Although  differences  in  technique  msec 
it  difficult  to  compare  the  results  obtained  from  the  dogs  with  those 
in  man  with  regard  to  percutaneous  penetration  of  m-deet,  ve  conclude 
that  the  percutaneous  penetration  of  s>-deet  does  not  differ  markedly 
from  that  found  in  man.  No  reports  of  the  percutaneous  penetration  of 
p-deet  or  2-ethyl-l,3-hexanedlol  in  man  have  appeared,  although  it 
can  be  assumed  that  the  percutaneous  penetration  of  p-deet  would 
resemble  its  isomer,  m-deet,  as  found  in  the  dog. 

cowcnusiows 

The  permeability  characteristics  of  the  hairless  dog's  skin  do  not 
differ  markedly  from  human  skin.  More  carefully  controlled  studies 
will  need  to  be  done  to  establish  the  value  of  the  hairless  doe  as  an 
animal  model  for  other  percutaneous  penetration  studies. 

RECOMMENDATIONS 

The  lack  of  marked  difference  in  permeability  of  mosquito  repellents 
in  man  and  dog  suggests  the  uae  of  the  hairless  dog  an  an  animal  model 
for  sepellent  duration  studies.  From  a  toxicological  viewpoint,  the 
effect  of  changing  dose/unit  area  versus  percent  penetration  should 
be  investigated.  Chemical  dosc/area  magnitudes  lower  than  actual 
use  dosage  may  lead  to  misleadingly  high  percent  penetration. 


PUBLICATIONS 


1.  rtlFENRAlTi,  V.'.G. ,  J.A.  HILL,  P.B.  ROBINSON,  D.L.  MCVEY, 

t?.A.  AKEP.S,  M.  ANCO  and  U.I.  MAIBAClt.  Percutaneous  absorption 
of  C-14  labeled  insect  repellents  in  hairless  dogs  (Submitted 
for  publication) 

STUDY  NO.  2  Penetration/evaporation  of 

C-14  labeled  insect  repel¬ 
lents  in  vitro 


RROBLE* 

The  development  of  improved  mosquito  repellent  foundations  re- 
culres  that  excessive  evaporation  fro*  the  surface  of  the  skin 
and  penetration  into  the  skin  be  minimised.  Development  of  in 
vitro  techniques  to  measure  these  modes  of  loss  is  required.  Prosi 
a  toxicological  standpoint,  estimates  of  relative  in  vivo  penetra¬ 
tion  of  Insect  repellents  could  then  be  made  from  the  in  vitro  data. 

RESULTS  AND  DISCUSSION  OP  RESULTS 

The  in  vitro  evaporation-penetration  characteristics  of  three 
labeled  insect  repellents,  m-deet,  p-deet  and  ethylhexanedloi  on 
excised  skin  were  studied.  The  average  percent  of  applied  dose 
to  evaporate  (corrected  for  efficiency  of  recovery  was  17.5  +  3.5  for 
m-deet ,  11.4  4  4.9  for  p-deet,  and  45.6  4  5.3  for  ethylhexanedloi  ). 

The  average  percent  of  applied  dose  found  to  penetrate  (as  determined 
bv  the  arount  of  radioactivity  entering  the  lover  Ringer's  lactate 
chamber  during  a  12  h  period)  vas  3.4  4  3.2  for  m-deet,  11.8  4  9.4  for 
p-deet,  and  15.4  4  5.5  for  ethylhexanedloi.  Total  recoveries  in  these 
experiments  were  68+8  for  m-deei,  83  4  10  for  p-deet,  and  85  4  42 
tor  ethylhexanedloi. 

As  expected,  the  more  volatile  ethylhexanedloi  has  a  higher  percent 
evaporation  than  either  of  the  tvo  deet  isomers.  The  evaporation 
levels  (up/cr  /h) ,  versus  time  for  the  repellents  vere  6.5  (1  h), 

6.8  (3  h),  3.8  (5  h)  and  3.4  <10  h)  for  m-deet:  7.1  (1  h;, 

5.7  (3  h),  2.9  (5  h),  and  2.7  <10  h)  for  p-deet:  and  30.2  (1  h), 

18.9  <3  h),  10.1  <3  h),  and  5.0  <10  n)  for  ethylhexrnediol.  Since 

the  average  duration  of  protection  In  volunteers  for  m-deet  is  5.1?  h% 
for  p-deet  is  4.8  h,  and  for  ethylhexanedloi  is  3.3  h,  it  is  expected 
that  the  minimum  effective  evaporation  levels  for  the  deet  isomers 
would  be  near  the  5th  hour  evaporation  levels,  while  that  for  ethplhexi 
anediol  would  be  near  the  3rd  hour  evaporation  level,  tfeasurenents 
of  the  evaporation  level  at  the  minimum  effective  dose  (as  measured 
in  volunteers  with  non -labeled  repellent)  for  these  repellents  ere 
in  progress. 
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The  In  vitro  measurements  of  repellents  on  excised  shin  provide 
cs titrates  for  two  inportant  nodes  of  loan  of  repellents  from 
the  surface  of  the  shin,  evaporation,  and  penetration.  The 
variability  in  the  data  reflects  that  which  exists  for  human 
skin,  as  different  skin  samples  wore  used  for  replication.  The 
evaporation  levels  can  he  used  to  estimate  the  ninirun  effective 
evaporation  rate  (''KIT)  necessary  to  repel  mosnuitoes. 

Formulations  of  these  mosnuito  repellents  de«.{rned  to  reduce 
loss  hv  excessive  evaporation  nr.d  penetration  will  have  to 
raintnin  evaporation  rates  above  the  ‘•’T1*. 

PKCniltKMDATlOliS 

These  in  vitro  studies  should  he  extended  to  two  other  availahle 
labeled  repellents,  carbamide  and  sulfonamide.  The  tcchnioucs 
developed  in  this  study  for  vanor  collection  ahovc  skin  can  and 
should  he  used  for  similar  measurements  with  non-lnl’clcd  repellents 
in  volunteers  and  for  screening  repellent  forrnlations  in  vitro. 

1.  Ml’ET.I.ER .  H.M.,  T.S.  SPENCER,  and  V.A.  AKERS .  Effect  of  harvest 

Methods  on  hydration  properties  of  stratus  corneas*.  (Submitted  for 
publication) 

STVPY  ;:o.  3  Chemical  assay  of  insect 

repellents 

rjoEir; 

■Hialitative  assay  of  rosrviito  rcrellent  chemicals  for  puritv  and 
reproducihilitv  from,  sarplc  to  .samle  is  required.  °uanti tative 
assay  is  necessary  for  assessment  of  lifetime  of  repelients  on 
the  skin.  Various  physical  chemical  measurements  of  rencllent 
properties  are  needed  for  formulation  work. 

tpu.tf  /::p  jv,rcu<:cTr::  or  nrrtLrr 

o.as  chroratoprarhv  is  a  rethnd  emnlo-cd  to  determine  the  purity 
of  Insect  repellent  chemicals,  and  to  nss.iv  them  quantitatively 
hv  the  internal  standard  method.  ra~.  c’areratom.raphic  conditions 
have  I een  determined  for  the  quantitative  determination  of  a 
variefv  of  insect  repellents  in  di chloromethane  or  carbon  disulfide 
solution  with  dlrcthvlrhthaletc  as  an  Internal  standard.  Solid 
state  adsorption  techniques  for  snnplinp.  repellent  above  the  skin 
have  been  developed.  In  collaboration  with  Patrick  Jones,  Ph.I>. , 
Department  of  Chemistry,  tnlvcrsity  of  the  Pacific,  »'ork  is  In 


75 


4 


propress  for  pan  chromstography/mass  spectrometer  analysis  of 
trapped  repellent  vapor.  Thin  layer  chromatographic  eonditiona 
for  qualitative  aeaay  (stability  atudiea)  of  various  repellents 
in  ethanol  solution  are  ongoing.  Procedures  for  measurement  of 
viscosity  (Thomas  Fto’-mer)  surface  tension  (hanging  drop  method) 
and  density  have  been  developed  and  the  measurement  .or  a  variety 
of  established  and  candidate  repellents  are  in  progress.  These  data 
are  necessary  for  formulation  work.  Data  from  physical  measurements 
are  Input  Into  computer  data  manapenent  avstcma  (Study  No,  1,  Work 
Unit  003) 

CONCLUSIONS 

A  variety  of  physical-chemical  measurement  techniques  have  been 
developed  for  qualitative  and  quantitative  assay  of  mosquito 
repellents . 

RECOMMENDATIONS 

The  procedures  outlined  In  this  part  of  the  work  unit  provide  necessary 
support  for  formulation  studies,  end  measurement  of  repellent  lifetime 
on  the  skin,  and  should  continue 
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23.  (U)  Under  unfavorable  conditions,  epidermis  of  fungal  Infections  can  Incapacitate 
38  percent  of  combat  soldiers  vlthln  16  days  of  f}rst  exposure,  with  the  average  period 
of  incapacitation  7.3  days.  The  biochemical  pathways  fungi  use  to  attack  skin  will  be 
Investigated.  Mechanisms  of  Iron  acquisition  by  dermatophyte  will  be  investigated. 
Mechanisms  of  cell  wall  synthesis  and  production  of  toxic  or  Irritant  products  by  derma¬ 
tophytes  will  be  investigated. 

24.  (U)  The  approach  will  be  to  1)  determine  the  Iron  requirements,  the  mechanism)  of 
Iron  acquisition,  the  relation  of  Iron  acquisition  rapacity  to  pathogenicity  of  the  denss 
tophytes,  2)  determine  conditions  under  which  dermato, * ytes  produce  toxic  or  irritant 
products,  3)  determine  if  the  toxic  or  irritant  products  are  significant  factors  in  the 
pathogenesis  of  densatophy tools. 

25.  (U)  77  10  -  78  09.  A  purified  antigen  has  been  prepared  from  Trichophyton  mnta- 

?rcpkyi?t.  The  antigen  has  been  evaluated  for  reactivity  and  hat  been  designated  as 
standard  antigen  for  future  use  In  our  department.  Iron  requirements  of  5  strains  of 
dermatophytes  have  been  determined.  Production  of  exocellular  Iron  chelators  in  response 
be  low  iron  environment  has  been  measured.  A  medium  has  been  developed  which  promotes 
Srthrospore  formation  In  all  dermatophytes  tested  to  date.  Exocellular  products  isolated 
from  fungi  grown  on  rhls  medium  have  been  observed  tc  ellcli  highly  inflammatory  cutaneot 
reactions  In  guinea  pigs. 
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ABSTRACT 


TROJECT  HO.  3H161102BSO2  Other  Trorlcal  Medicine 

'.'OrK  UNIT  HO.  067  Biochemical  **echanlsms  of 

Pathop.enesia  in  Fungal  Skin 
Infectiona 

Tlic  following  investigations  have  been  conducted  under  this  vork  unit: 

STUDY  NO.  1  Preparation  of  purified  akin  teat  antigens  of  the 
dermatophytes 

STUDY  NO.  2  Morphological  and  chenoatructural  characterization 
of  ontogenetic  development  of  Trichophyton  cientagro- 
p bytes. 

STUDY  NO.  3  Deternlnation  of  roie  of  iron  acquisition  on  growth 
of  dermatophytes. 

Tlic  studies  are  designed  to  determine  mechanisms  of  pathogenesis 
of  dermatophytes. 

STUDY  NO.  1  Tlic  first  study  concentrates  on  development  of  antigens 
useful  in  studies  of  irmune  response  to  dermatonhyte  infection.  A 
large  quauii'  of  antigens  has  been  produced  for  use  as  standard  antipen 
and  a  defines  medium  has  been  formulated  which  provides  adequate  yield 
of  antigen. 

STUDY  NO.  2  The  study  seeks  to  determine  the  relationship  of  morpholog¬ 
ically  distinct  fungal  forms  to  the  events  of  fungal  infections.  Nutrient 
requirements  and  environmental  conditions  required  for  arthrospore 
production  are  being  determined.  A  fluorescent  staining  procedure  haa 
been  developed.  Tlic  procedure  is  capable  of  staining  surface  carbo¬ 
hydrates  of  fungi  and  is  \ ased  upon  specificity  of  lectins  for 
individual  carbohydrates. 

STUDY  NO.  3  The  third  study  is  designed  to  investigate  the  role  of 
iron  acquisition  of  dermatophytes  in  establishment  of  Infection.  Iron 
requirements  for  five  strains  of  dermatophytes  were  determined.  In 
addition,  the  five  strains  were  evaluated  for  their  capacity  to  obtain 
iron  by  measuring  their  production  of  iron  chelating  compounds  and  their 
sensitivity  to  normal  human  serum. 
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WORK  UNIT  NO.  067 


STUDY  NO.  1 


Biochemical  ^Vchanisrs  of 
Pathogenesis  In  Fungal  Skin 
Infections 

Preparation  of  purified  akin 
test  antigens  of  the  derrnto- 
phvtes 


PHOBLE!* 


Dermatophyte  infections  are  prominent  producers  of  medically  debili¬ 
tating  skin  lesions  in  soldiers.  The  nredoninnnt  ctiologic  agent* 
for  such  Infections  in  U.R.  Army  personnel  m  the  Republic  of  vi*tnam 
has  been  identified  as  Trlchoohvton  rentagrophvtcs  var.  granular*.  Al¬ 
though  there  is  a  voluminous  amount  of  literature  written  about  these 
fungal  infections,  a  paucity  of  information  rerains  regarding  the 
specific  Mchanlsns  of  pathogenesis.  Research  from  thin  study  has 
been  centered  upon  preparation  and  characterisation  of  trlchophytln 
antigens.  Preparation  of  adequate  quantities  of  antigen  will  allow 
further  investigation  into  the  irechanlsr  cf  pathogenesis  due  to  the 
host  immune  response. 


RESULTS  AND  DISCUSS! OK  OF  RESIXTS 

We  have  developed  a  defined  medium  which  supports  growth  of  dermatophytes 
and  which  provides  adequste  yields  of  tiichorhvtln  antigen.  The  mediua 
vss  acquired  to  avoid  a  problem  of  sensitisations  with  rcdls  used 
previously.  The  new  medium  is  based  upon  tvplcnl  lot  analvsls  of  a 
cottonseed  flower  product  used  as  medium  for  production  of  antibiotics. 
Since  the  medium  is  completely  svnthctlc,  it  precludes  sensitisation  of 
Individuals  to  meat  proteins  found  in  other  media,  and  also  lends  itself 
for  use  In  ocher  prelects.  Antigens  prepared  in  this  medium  appear 
to  bo  immunologies 11 v  indistinguishable  from  those  produced 
in  complex  ox  liver  medium  when  tested  agsinst  rabbit  antisera 
specific  for  purified  trlchophytln. 


CPNCWSIONS 

Trlchophytln  prepared  in  large  quantities  in  a  highiv  purified  state, 
is  pnesently  available  in  the  Department  of  Dcrnatologv  Research, 
however,  we  have  found  no  advantage  of  the  purified  antigen  when 
compered  to  commercially  available  trlchophytln.  The  cost  of 
preparation  is  high  in  terms  of  tine,  personnel,  an??  supplies.  The 
trlchophytln  antigen  does  not  contribute  to  immunity  In  dermatoplivtosli, 
rather  its  contribution  appears  to  be  that  of  a  major  sensitising 
antigen  vhich  is  responsible  for  hvper*;nsitivitv  and  probably 
many  of  the  observed  pathologic  effects. 
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nr.cor^^DATTOKs 

I'rophylaxis  or  therapy  ot  dermatoplivtosi*  based  unon  immunization 
or  inrune  system  stimulation  appears  to  hold  little  prorise,  Efforts 
should  he  focused  upon  deterrlnlnr  specific  mechanisms  of  pathogenesis 
with  the  poal  of  interfering  with  one  of  these  processes. 

ri'ELiCATif;;p 

None 


STUDY  NO.  2  ’’orpholog  leal  and  chemoatruetural 

characterization  of  the  events  of 
ontopenetic  developrent  of 
Trichophyton  rentaprophytes 


rroBLfM 

Determining  how  saprophytic  septate  hrnnchlnp  mycelium  chanres  to 
the  pathogenic  hypersep.rented  mycelium  or  arthrospore  form  will  lead 
to  the  Identification  of  the  conditions  caustng  this  alteration  and 
Its  accompanying  enzyme  systems.  As  they  become  known,  this  will 
permit  altering  the  physical  conditions  of  the  host  or  blocking 
sore  of  the  enzyme  systems  by  chemotherapy  which  may  be  prophylactic 
or  therapeutic  measures  spalnst  cutaneous  funpal  infections  which 
molest  our  combat  troops. 

RESULTS  AND  DISCUSS I PUS  OF  RESULTS 

An  artificial  medium  has  been  developed  which  apparently  provides  the 
required  growth  conditions  for  formulations  of  arthrosporcs  in  a  wide 
variety  of  dermatophytes.  Trichophyton  mentagrophyte*  (2  strains), 
Trichophyton  rub rum  (3  strains).  Trichophyton  ver^ucosum  (one  strain), 
Trichophyton  schonleinl 1  (  on#  strain),  Trichophyton  tonsorana  (  one 
strata),  Mlcrosporum  canls  (  one  strain),  Microaporuci  gypaeun  (  one 
strain),  and  ona  strain  of  the  dematiscleous  fungus  Phialophura 
verrufosa.  All  produce  abundant  erthrospores  on  this  medium. 
Arthresporulatlcn  on  this  medium  occurs  et  28,  32,  or  37  C  in  either 
liquid  medium  or  on  solid  medium  end  la  Independent  of  COj  concen* 
tretien.  mentagrophytes  produces  s  keratlnaae  as  measured  with 
keratin  azure.  Isolated  erthrnsnores  are  found  to  germinate  spontan¬ 
eously  when  stored  In  sterile  water  at  room  temperature  overnight, 

A  fluorescent  staining  method  has  recent lv  been  developed  vhlch 
selectively  stains  polymers  of  N-autyl-p lucoaamlne  (chi tin,  chltoeen). 
Hie  method  steins  only  polymers  exposed  or  near  the  surface  of  fungal 
elements.  Soma  progress  has  been  mads  in  delineating  the  events  of 
call  vail  production  of  the  dermatophytes  with  this  stain.  The 
method  (s  capable  of  detecting,  dermatophytes  in  frozen  sections  of 
skin. 


CONCLUSIONS 

A  redhod  which  provide*  morphologic  fora*  similar  to  those  observed 
In  Infected  skin  has  been  developed.  This  method  coupled  with  t!*e 
fluorescent  stain  method  may  lead  to  identlf lcat.'  <•  »nd  production 
of  units  of  dermatophytes  which  maintain  pathogenic  determinants  while 
growling  on  artificial  media.  As  a  result,  well  defined  studies  bo 
determine  those  factors  which  promote  dermatophyte  growth  In  skin 
ray  Me  delineated. 


rtENDATTC*;? 


A  major  step  required  at  this  time  Is  to  fcnuate  the  morphologic  forms 
observed  on  the  special  medium  described  with  those  forms  observed  In 
lnfeuted  skin  and  in  the  chorioallantoic  membrane  model  described 
in  FY  77  annual  report.  Determination  of  the  structure  of  the  dar- 
natogliyte  cell  wall  and  comparison  of  that  structure  to  the  struqture 
observed  in  vitro  may  represent  e  valid  method  to  equate  the  two 
rorpnologic  forma.  The  fluorescent  staining  method,  when  combined 
with  selective  chemlcal/enzyratic  digestion,  should  provide  those 
comparisons . 


PlBLljCATirHS 

None 


S7TUDY  NO.  3  hole  of  ricrohial  iron 

acquisition  in  dermatophyte 
Infections 


PPOELEH 

Dermatophytes  have  long  been  known  to  be  sensitive  to  iron  deprivation 
by  normal  human  scrum.  The  competition  betveen  s  host  and  an  Inficc- 
tioua  microorganism  for  available  iron  stores  may  well  provide  a 
dividing  factor  in  the  eventual  outcome  of  the  Interaction.  Slnoe 
microbial  iron  acquisition  proceeds  by  a  dlfferant  mechanism  than 
mammalian  Iron  acquisition,  it  la  believed  that  the  system  is  one 
which  la  suitable  for  investigations  leading  to  Interference  with  Iron 
upteka  resulting  in  growth  Inhibition  of  the  dermatophytes. 


rs  AND  DISCUSSION  OF  RESULTS 


The  study  hss  been  approached  by  (1)  measuring  the  eusceptiblllty  of 
various  strains  of  Trichophyton  mentagrophyta*  to  Iron  deprivation  by 
normal  human  serum,  and  (2)  the  response  of  these  strains  to  Iron 
deprivation  in  synthetic  m*dl».  Itessurements  of  growth  inhibition  by 
normal  human  serum  have  shown  a  correlation  between  serum  sensitivity 
and  virulence.  The  less  virulent  strains  (Interdigltsle  types)  are 
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nore  •sensitive  than  pranular  '"hen  suHccted  to  vnrv*np  con¬ 

cent  cut  Ions  of  Iron  In  synthetic  medio,  all  strains  •■•*»re  United  In 
"rovch  l*y  less  than  0.1  mp  lron/r.1  rediur.  t«  addition,  nil  strain* 
produced  exoccllnlnr  Iron  chelators  In  response  to  the  lo*’  Iron 
condition*. 

CnXCltUSirc’S 

Trichophyton  rcntaprophvtes  have  a  limited  capacity  to  acnulre  Iron, 

*3  evidenced  l>y  tlie  ability  of  normal  Imran  serum  to  restrict  iti 
growth.  lioievcr,  under  lirltlni  Iron  concentration*,  the  organism  can 
respond  with  high  levels  of  exoccllular  Iron  chelator:;,  canal  le  of 
accutrlup  Iron  from  a  low  iron  envi  ror.rcnt .  The  abllit"  of  the  dermato¬ 
phytes  to  acrulre  Iron  ray  be  a  significant  pathogenic  factor. 

hLOTf  g:?:DATIPM5 

Use  studies  should  continue  bv  Invest lyatlng  directly  the  role  of 
Iron  on  Infection  in  animal*.  l*e  rust  dctcrrinc  If  exoccllular  Iron 
cisclators  arc  produced  In  vivo  and  if  restriction  of  Iron  in  the 
*1  In  can  slpnlf lcnntlv  decrease  the  tire  course  of  dcrrntonhvte  Infection. 

nj^UCATipilli 
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2 3 .  (W Military  paraonnal  in  training  and  cosbar  incur  a  mgr  tncioanc*  of  march  (atrats 
and  trauaaeic  fracturaa  which  causa  such  morbidity  and  disability.  March  fractures 
oftan  haal  poorly.  About  305  of  patients  never  raturn  to  cur.1.  A  larga  ;trcantaga  of 
trauaaeic  fracturaa  haal  mora  slowly  than  no  real  or  no:  a:  all.  -a  will  determine  if 
tha  attsbolls*  of  vitaain  D  is  abno.xai  in  those  patiar.ts  ar.t  responsible  for  the  poor 
healing  of  bona. 

24.  (L)  Tha  aatabolisa  of  vltaein  D  will  be  studies  in  pciie-ts  of  military  age  with 
march  fractures  and  in  aniaals.  Snail  intestinal  mucosa  ot  iair.ee  via  peroral  biopsy  in 
tha  patients  will  be  incubated  in  vitro  and  the  uptake  of  ca.ti-c  and  pnosphata,  tha 
activity  of  alkaline  phosphatase,  and  ribonucleic  acid  [?."n  polymerase,  and  tha  concen¬ 
tration  of  calcium  binding  protein  will  be  datareir.au.  These  rerareters  will  be 
measured  while  the  patients  art  on  low  and  nigh  calcic.-,  ciets.  Tne  status  of  bone  will 
be  determined  by  x-rays,  oeteodensitometry ,  bone  biops',  er.  ultra-sound  measurements . 
The  levels  of  25-hydroxy  vitamin  0.,  1,2 5 -dihydroxy  vitamin  2,.  anc  paratnormone  will 

be  determined.  Parallel  studies  will  be  dona  in  rachitic  cniii.s. 

25.  (U)  77  09  -  78  09.  Calcius  uptake  in  chick  mitocr.om.ric  was  r.c  different  in  rachitic 
and  r.on-rachitlc  aniaals.  Calcium  uptake  in  chick  mitcc  or-ric  '..as  ar.hcr.cad  by  1,25- 
dihydroxy  vitaain  D,  added  in  vitro.  Chic*.  treates  w.:r  ••  ncr.ir.  D,  accumulate*. 
1.24,25-crihydroxyvitasln  0.  In  tha  gut  rucosa  ratr.ar  t.-.ar  1.25 -c i.v'dror.yvi tamir.  a,. 

The  trihydroxy  eoapound  was Jdecreased  when  tha  anlmalc  **cr:  fat  a  nigh  Ca  and  P  diCt. 

Ir.  chick  renal  sltochondrla  tha  enzyme  24-hydrorylase  was  sii-ulitec  by  Ca.  K.  P,  and 
bicarbonate.  In  patients  with  hyperparathyroicun,  call!.-  c-  r.r.ccc  tr.a  affect  cf 


parathormone  on  the  renal  production  of  cyclic  arc  t:i  e: crsilor.  of  pnesphat*. 
These  same  patients  fall  to  decrease  their  intestine!  ccccr:; 
or.  a  high  calcium  diet.  This  work  unit  is  beir.;  ternircic. . 
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ABSTRACT 


PROJECT  NO.  3Mlbll02BS02  Basic  Hec  turn  Iras  of  Recovery  from 

Injury 

WORK  UNIT  NO.  U? 0  Influence  of  Nutrients,  Hormones  end 

Related  Substances  on  the  Recovery 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  The  effect  of  1,25-dihydroxyvitaain  D3  and  la- 
hydroxyvitestin  D3  on  celciua  activated  ATPase, 
calciua  binding  protein,  and  calclua  and  phosphate 
uptake  in  the  chick  intestine 

STUDY  NO.  9  The  rola  of  vitaain  D  in  the  etiology  and  traataant 
of  fractures 


STUDY  NO.  1  In  tha  course  of  exploring  the  aechanism  by  which  1,25- 
dihydroxyvitaain  D3  (1,25(011)203)  aedlates  calciua  transport  across  the 
intestine,  we  aore  fully  explored  aitochondrial  calciua  uptake.  We 
developed  an  efficient  swans  of  swasurlng  this  process  in  vitro  and 
characterised  it  biocheaically.  We  observed  that  little  difference 
could  be  observed  between  aitochondria  froa  vitamin  D-deflclent  and 
vitaain  D-replete  aniaals.  However,  l,25(OH)2D3  added  in  vitro  in 
physiologic  concentrations  enhanced  calciua  uptake. 


Tha  influence  of  dietary  concentrations  of  calciua  (Ca)  and  phoaphate 
(Pi)  on  vitaain  D  aetabolisa  and  actions  in  chicks  aalntalned  on  a 
vitaain  D  replete  diet  was  evaluated.  Ue  found  that  l,24,25(OHKD-, 
not  l,25(OH)_D  ,  was  the  principal  astabollte  in  the  gut  under  tnase 
conditions,  Tnia  trihydroxy  vitaain  D  aetabolitc,  like  l,25(OH)_D.,  was 
regulated  both  by  dictate  Ca  and  Pi.  kike  calciua  binding  protein 
(CaBP)  concentrations  and  Ca  transport,  these  aatabolltes  were  reduced 
in  chicks  eating  diets  with  high  Ca  and  Pi. 


The  above  observations  suggested  exploration  of  the  loulc  control  of 
the  24 -hydroxylase,  the  renal  aitochondrial  ansysw  which  produces 
24, 25 (OH)  D  froa  250HD  and,  prcsuawbly,  1,24,25(01!) .D.  froa  l,25(OH)D  . 
Similar  to  their  effects  on  tiw  250HD^  la-hydroxylase,  the  permeant 
cations  calcium  and  potasuiua  acetate  and  the  permeant  anions  phosphate 
and  bicarbonate  stimulated  the  24 -hydroxylase.  It  seems  apparent 
that  both  1-hydroxylation  and  24-hydroxyiatiou  of  vitaain  D  play 
a  rola  in  regulation  of  vitaain  0  action  in  tiw  body. 


STUDY  NO.  9  Clinical  studies  in  patients  with  a  variety  of  bone 
diseases  have  been  performed  since  receiving  approval  of  the  protocol 
in  March  1978.  Failure  to  adapt  properly  to  changes  in  dietary 


calcium  has  been  demonstrated  in  come  but  not  all  patients  with 
hyperparathyroidism.  Calcium  lias  been  found  to  enhance  the  effect  of 
parathormone  on  renal  production  of  cyclic  AMP  and  excretion  of  phosphate, 
bevelopeusnt  of  the  assays  for  tin*  vitamin  D  metabolites  required  for 
this  protocol  is  nearing  completion,  but  routine  application  of  these 
assays  suffers  from  lack  of  equipment  and  personnel. 


BODY  OF  REPORT 


WORK  UNIT  NO.  070  Influence  of  Nutrients,  Hormones  end 

Related  Substances  on  the  Recovery 
fro*  Injury 

STUDY  NO.  1  The  effect  of  1,25-dihydroxyvitamln 

D^j  and  lo-hydroxyvitauin  D  on 
calcium  and  phosphate  uptake  in  the 
chick  intestine 

PROBLEM 

Stress  fractures  occur  with  high  frequency  (up  to  10a)  in  troops  in 
training.  We  have  evaluated  in  aninals  the  impact  that  manipulations 
of  the  essential  components  of  bone,  namely  calcium  and  phosphate,  and 
one  of  the  principal  hormones  controlling  bone  mineral  homeostasis, 
namely  vitamin  D,  have  on  bone  mineral  transport  across  the  intestine. 
It  is  expected  that  such  investigations  will  facilitate  understanding, 
diagnosis,  and  treatment  of  stress  fractures. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


Because  of  our  recent  observations  that  1 ,25-dihydroxyvitamln  D. 
(1,25(011) ,)  the  biologically  active  metabolite  of  vitamin  D  , 
stimulated  calcium  transport  across  the  intestine  without  the  need  for 
de  novo  protein  synthesis,  wc  were  encouraged  to  examine  the  effects  of 
1 , 25 (Oil) 2^3  directly  on  Intestinal  Dltc^nondria,  the  subcellular 
organelle  most  likely  to  be  Involved  it.  calcium  (Ca)  movement  through 
the  intestinal  epithelial  cell.  Although  no  substantial  differences 
in  mitochondria  from  rachitic  as  opposed  to  vitamin  D-replete  animal.', 
could  be  demonstrated,  wc  were  able  to  stimulate  calcium  uptake  by 
mitochondria  with  the  addition  of  as  little  as  25  pmolcs/ml  of 
l,25(Oli)^D  in  vitro.  Vitamin  D  also  stimulated  calcium  uptake,  but 
at  higher  Concentrations.  Mitochondrial  calcium  uptake  was  inhibited 
by  ruthenium  red,  required  energy  provided  by  ATP  and/or  oxidizable 


substrate,  and  was  detected  only  with  a  concentration  greater  than 
3x10"  H.  These  results  indicate  a  direct  effect  of  l,25(OH)„D  on 
one  means  by  which  the  intestine  moves  calcium  across  its  epithelium. 


and  provide  further  evidence  tiuit  l^itOH^D^  need  not  exert  its 
effect  of  calcium  transport  by  way  of  protein  synthesis. 


To  characterize  the  means  by  which  dietary  calcium  (Ca)  and  phosphate 
(Pi)  regulate  vitamin  D  action,  wc  designed  a  study  ia  which  chicka  were 
fed  one  of  9  dicta  varying  in  Ca  and  Pi  but  supplemented  with  20  pg 
vitamin  D/kg  of  diet.  Wc  found  that  the  metabolite  found  in  highest 
concentrations  in  the  duodenal  mucosa  of  these  animals  wss  not 
1, 25(011) jD-s  but  lt24,25(OK) jDj,  a  metabolite  with  substantial  but  lower 


biological  activity  than  1,25(011)  D  .  Like  1,25(011)  D  ,  which  was  also 
found  in  the  intestine  in  substantial  amounts,  this  trihydroxy  vitamin 
D  metabolite  was  regulated  over  a  1000-fold  range  by  the  dietary  content 
of  Ca  and  Pi.  The  levels  of  calcium  binding  protein  and  calcium 
transport  correlated  with  the  intestinal  concentrations  of  these 
metabolites.  An  optimal  diet  was  noted  which  permitted  maximum  growth 
increase  and  bone  ash.  Clearly,  dietary  concentrations  of  Ca  and  Pi 
profoundly  affect  the  general  well-being  of  the  organism  as  well  as  the 
hormonal  milieu  which  regulates  bone  mineral  metabolism. 

Since  the  production  of  1,24,25(011) ^1)  requires  hydroxylation  of  250.41)^ 
(tne  metabolite  of  vitamin  U  formed  in  the  liver)  by  two  kidney  mito¬ 
chondrial  enzymes,  the  la-hydroxylase  and  24-hydroxylase,  and  since 
control  of  vitmain  D  metabolism  and  its  subsequent  action  is  centered 
on  regulation  of  these  two  hydroxylases,  the  ionic  control  of  the  24- 
hydroxylase  was  evaluated.  As  tor  the  control  of  the  la-hydroxy iase, 
the  permeant  cations  calcium  and  potassium,  and  the  permeant  anions, 
acetate,  phosphate,  and  bicarbonate,  exert  profound  effects  on  the 
renal  mitochondr ial  24-nydroxylcsc.  These  studies  Indicate  that,  at 
least,  the  acute  controls  of  1-  and  24-hydroxylation  of  vitamin  D 
metabolites  share  remarkable  similarities. 


CONCLUSIONS 


1.  1,25(04)^1)  directly  modulates  the  ability  of  intestinal  mitochondria 
to  transport  calcium. 

2.  1,24,25(011) and  not  l,25(OH)2D-  may  be  the  principal  active 

metabolite  of  vitamin  U  in  tlie  gut  o/  animals  raised  on  normal  amounts 
of  vitamin  D.  J 


3.  Dietary  calcium  and  pnospluitc  control  the  amount  of  l,24,25(Oli).D_ 
as  well  aa  1, 25(04), D  in  the  gut  in  addition  to  controlling  CabP 
production  and  calcium  transport. 


4.  Calcium  and  phosphate  acutely  control  la-  and  24-hydroxylase,  the 
renal  mltociK'nur ial  enzymes  which  produce  1,25(011), D  ,  24,25(011)  D  , 
and  1,24,25(04)^.  J  1  3 


kfcCOMMhNDAT iONb 


Tne  biologic  actions  of  1,24,25(010^0-  as  well  as  1,25(04) _D_  should 
be  explored  with  continued  emphasis  on  determining  their  molecular 
mechanise*  of  action  and  control  of  these  mechanism  by  environmental 
and  physiologic  factors.  Due  to  lack  of  funding  the  project  is  being 
terminated. 
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STUDY  NO.  9  The  role  of  vitamin  D  in  the  etiology 

and  treatment  of  fractures 

PROBLEM 

In  an  effort  to  understand  the  reasons  why  some  military  personnel  ssem 
predisposed  to  stress  fractures,  we  hsve  nested  vitamin  U  metabolism  in 
ituman  subjects  and  patients  with  bone  disease.  We  evaluated  die 
physiologic  adjustments  of  these  patients  during  periods  of  low  and  high 
calcium  intake  and  the  response  of  target  tissues  to  the  principal 
hormones  controlling  bone  mineral  iiomeostasls:  parathyroid  hormone 
(PTH)  and  1 ,25-dihydroxyvitamin  D^  ( 1,25  (Oil)  ^D^) . 
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RESULTS  AMD  DISCUSSION  OF  RESULTS 

The  study  has  only  recently  begun,  but  uvtrtl  observations  ha va  bean 
outdo.  Certain  patients  with  primary  hyperparathyroidism  demonstrate 
a  failure  to  adapt  to  a  high  calcium  diet  by  reducing  their  inteatinal 
absorption  of  calcium,  their  renal  excretion  of  phoaphate,  aud  their 
renal  production  of  cydic-AMP. 

The  appropriate  binning  proteins,  and  tracer  metabolites  to  measure 
250HD  ,  24 ,25(OU)^D  ,  and  l,25(OH).D.  in  the  blood  of  patients  have  all 
been  prepared  and  reliable  standard  curves  for  each  assay  have  been 
performed.  However,  sample  preparation  requires  equipment  which  we 
have  been  unable  to  obtain  because  of  budgetary  limitations. 

CONCLUSIONS 

1.  Abnormalities  in  vitamin  D  aud  mineral  metabolism  can  be  detected 
in  patients  with  known  metabolic  bone  disease  by  using  an  approach 
that  can  be  applied  to  individuals  with  stress  fracturas. 

2.  Dietary  calcium  influences  not  only  liormone  production  (i.e.,  PTH 
and  l^SfOHJ^U-j)  but  also  hormone  action  on  target  tissues. 

RECOrttLNDATIONS 

The  study  shows  promise  and  should  be  supported.  Due  to  lack  of 
funding,  this  project  is  being  terminated. 
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23.  (U)  The  acutely  Injured  soldier  develops  negative  nitrogen  balance  and  loses  auscle 
aass  through  mechanises  which  are  unknown.  One  of, the  factors  which  may  be  Involved  is 
ayogloblr.,  a  heae-protcln  which  transports  oxygen  within  ausclc  cells.  Myoglobin  and 
its  overall  aetabollc  relationships  within  the  auscle  cell  serve  as  useful  markers  In 
the  study  of  muscle  injury.  Injured  ausclc  lose*  nyoglobin  into  the  peripheral  circu¬ 
lation  where  It  aav  cause  secondary  renal  damage  for  unknown  reasons.  Failure  of  myo¬ 
globin  to  maintain  sufficient  intracellular  oxygen  supply  may  lead  to  decreased  energy 
production,  weakness,  and  failure  of  aechanlsa*  upon  which  recovery  from  injury  depend. 

24.  (I')  Selected  aspects  of  the  effects  of  injury  on  ausclc  will  be  evaluated.  Strate¬ 
gies  designed  to  minimize  and/or  reverse  the  detrlaental  effects  of  injury  on  auscle 
will  be  determined.  The  effects  of  auscle  injury  on  other  body  systesis,  including  the 
kidney,  will  be  studied.  The  relationship  between  myoglobin  (and  its  associated  reac¬ 
tions  in  the  auscle  cell)  and  immobilization- induced  muscle  atrophy,  exercised-induced 
ausclc  hypertrophy,  and  recovery  from  injury  will  be  studied, 

25.  (U)  72  09  -  78  10  Mctayoglobin  reductase  has  beer,  repeatedly  purified  to  a  maximum 
of  2000-fold,  to  specific  activities  in  excess  of  150,000  U/ag  protein.  The  entyae  has 
a  pH  optimum  about  6.5,  a  It*  of  5.0  x  10_SM,  and  is  unaffected  by  the  absence  of  02. 

The  molecular  weight  Is  about  30,000.  Studies  comparing  the  enzyme  with  commercial 
diaphorsse,  and  with  partially  purified  bovine  aethemoglobln  reductase,  demonstrate 
differences  leading  u*  to  conclude  th*..  the  auscle  enzyme  is  s  distinct  entity.  This 
work  unit  was  transferred  from  the  foimer  Department  of  Medicine  at  the  time  of  the 
reorganization. 
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ABSTRACT 


PROJECT  NO,  3M161102BS02  Basic  Mechanisms  of  hacovery  from 

Injury 

WORK  UNIT  NO.  071  The  Metabolic  Response  of  Muscle 

to  Injury „  Exercise,  and  Diet  In 
Health  and  Disease 

The  following  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Studies  concerning  the  mechanism  which  controls  the 
redox  state  of  myoglobin 

Previous  studies  clearly  demonstrated  the  presence  of  metmyoglobln 
reducing  activity  in  the  supernatant  of  crude  muscle  homogenate.  This 
metmyoglobln  reducing  activity  has  been  repeatedly  purified  maximally 
to  as  much  as  2000-fold,  and  has  yielded  specific  activities  In  excess 
of  150,000  U/mg  protein.  The  addition  of  bovine  serum  albumin  or  myo¬ 
globin  to  the  purified  enzyme  protects  the  activity  of  material  when 
stored  at  -TOC.  The  enzyme  has  a  pH  optimum  about  6.5,  a  Km  of 
5.0  x  10~^M,  and  is  unaffected  by  the  absence  of  Oj,  Sodium  dodecyl 
sulfate  gel  electrophoresis  revealed  a  molecular  weight  around  30,000. 
The  reactivity  of  the  enzyme  is  suirkedly  Influenced  by  the  composition 
of  the  buffering  milieu.  Activity  is  Inhibited  by  sulfhydryl  reagents 
and  qulnacrlne  hydrochloride  and  stimulated  by  flavin  mononucleotide. 
Purified  enzyme  did  not  react  with  llpoamlde.  The  properties  and 
characteristics  of  the  enzysie  were  different  than  those  of  diaphorase, 
but  appeared  to  be  similar  to  those  of  partially  purified  methesKglobln 
reductase. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  071  The  Metabolic  Reeponee  of  Muscle 

to  Injury,  F-xercise.  end  Diet  in 
Health  and  Disease 

STUDY  NO.  1  Studies  concerning  the  Mechanise 

which  controls  the  redox  state  of 
myoglobin . 

PROBLEM 


Hemoglobin  (Hb)  of  red  blood  cells  and  myoglobin  (Mb)  of  red  muscle 
share  a  number  of  properties  which  Include  reversible  oxygenation  to 
fore  oxyhemoglobin  (HbO,)  or  oxymyoglobin  (MbOj) ;  or  irreversible 
oxidation  to  mathemoglooln  (MetHb)  or  uetmyoglobin  (HetMb) ,  respectively. 
Whether  these  heme  proteins  undergo  oxygenation  or  oxidation  depends 
on  a  number  of  factors  which  are  complex  and  not  completely  understood. 
Under  physiological  conditions  in  vivo,  only  2  to  32  of  hcswglobin  in 
red  blood  cells  is  in  the  met -form.  Several  efficient  enzymatic  systems 
hevc  been  described  which  continually  reduce  MatHb,  thereby  preventing 
its  accumulation  to  any  appreciable  extent.  The  enzymes  responsible 
for  this  reduction  utilise  HADti  or  NADPH,  and  in  some  cases  require 
an  electron  carrier  such  as  methylene  blue  for  in  vitro  study.  By  far 
the  most  active  system  requires  ferrocyanlde  ion  activation. 

Much  less  attention  has  been  given  to  the  possible  existence  of  similar 
systems  which  reduce  Met Mb.  HetMb  normally  la  not  thought  to  ba 
present  in  muscle  in  any  appreciable  quantity  despite  the  greater 
susceptibility  of  Mb  to  oxidation  than  Hb.  It  is  reasonable  to  assume 
that  muscle  oust  contain  a  highly  active  mechanism  for  HetMb  reduction; 
otherwise,  the  continued  formation  of  HetMb  would  go  unopposed.  The 
presence  of  dlaphorases  in  muscle  is  well  known.  However,  the  existence 
of  e  specific  HetMb  reductase,  analogous  to  MetHb  reductase  activity 
in  red  blood  cells,  has  not  been  convincingly  demonstrated  heretofore. 

Enzymatic  reduction  of  MetHb  by  HADti  and  NADPH  dependent  mechanisms 
has  bean  shown  by  other  investigators.  However,  a  specific  MetHb 
reductase  activity  was  not  found.  An  enzyme  which  will  reduce  metmyo- 
globln  has  bean  described  in  dolphin  muscle.  Enzyme  activity  was 
demonstrable  with  either  HADti  or  NADPH  at  pH  7.0  and  required  the 
presence  of  methylene  blue.  Bov  this  enzyme  differs  from  dlaphorase 
is  not  clear.  Presumed  enzymatic  reducing  activity  has  also  bean 
demonstrated  in  both  intact  and  ground  meat,  but  without  clarification 
of  the  mechanism.  Furthermore,  it  has  been  shown  that  efficient  non- 
enzymetlc  HetMb  reduction  can  occur  in  vitro  under  suitable  circum¬ 
stances.  Moreover,  immunologic  and  electrophoretic  studies  have  shown 
that  ferrocyanlde-activated  MetHb  reductase  activity  was  detectable  in 
several  tissues  including  muscle. 


Despite  the  failure  of  past  investigators  to  demonstrate  convincingly 
specific  ensymatic  Met  Kb  reduction,  it  seemed  logical  to  conclude  that 
if  MetHb  reductase  exists  in  red  blood  cells,  an  analogous  ensyme 
for  MetHb  reduction  should  exist  in  muscle.  Initial  studies  (discussed 
in  the  1975  Annual  Report  pp  101-105)  demonstrated  the  presence  of 
a  specific  MADH-dcpendent  metayoglobin  reductase  in  the  soluble 
supernatant  fraction  of  homogenized  beef  heart.  The  optimum  assay 
conditions  and  some  of  the  properties  of  the  enzyme  (in  the  crude 
system)  were  established.  The  next  series  of  studies  and  experiments 
were  aimed  at  purifying  the  enzymatic  reducing  activity  in  the  super¬ 
natant  fraction  of  homogenized  beef  heart. 

Muscle  function  is  impaired  in  wounded  soldiers  by  direct  injury 
(tratasa,  muscle  wounds,  excessive  exercise)  and/or  ismobillzatlon  of 
limbs  and/or  bad  rest.  In  order  to  facilitate  healing  and  to  reverse 
atrophy  of  muscle  it  is  important  to  understand  the  mechanism  Involved 
in  exercise-induced  hypertrophy  and  the  immobilization-induced  atrophy 
of  muscle.  It  ia  postulated  that  myoglobin  is  Involved  in  these 
exercise-dependent  responses  of  asiscle  via  its  function  as  an  intra¬ 
cellular  carrier  of  oxygen.  Since  oxygen  also  oxidizes  myoglobin  to 
the  met -form  it  can  be  logically  argued  that  there  must  exist  a 
mechanism  for  the  reduction  of  metmyoglobin.  If  so,  one  might  expect 
also  that  defects  in  the  metmyoglobin  reduction  system  can  lead  to 
exercise- induced  injury,  diminished  hypertrophy  of  muscle  during 
exercise,  accelerated  atrophy  during  inobilization,  and  prolonged 
recovery  after  injury. 

RESULTS  AW)  DISCUSSION  0E  RESULTS 

Metmyoglobin  reducing  activity  has  been  repeatedly  purified  SMxlaally  to 
as  much  as  2000-fold,  and  yielded  specific  activities  in  excess  of 
150,000  U/mg  protein.  The  addition  of  bovine  sc run  albumin  or  myoglobin 
to  the  purified  enzyme  protected  the  activity  of  material  stored  at 
-20C.  The  enzyme  has  a  pH  optimum  about  6.5,  a  Km  of  5.0  x  10"5M, 
and  is  unaffected  by  the  absence  of  O2.  Sodium  dodecyl  sulfate  gel 
electrophoresis  revealed  a  molecular  weight  around  30,000.  The 
reactivity  of  the  enzyme  was  markedly  influenced  by  the  composition 
of  the  buffering  milieu.  Activity  was  dependent  on  the  presence  of 
K^Fc(CN)6  and  NADH  in  the  reaction  mixture.  Activity  was  inhibited 
by  p-chloromercuriphenylsulfonlc  acid  and  N-ethyli*lelmide.  Qulnacrlne 
hydrochloride  inhibited  activity,  whereas  flavin  mononucleotide 
increased  activity  almost  2-fold.  The  temperature  optimum  was  37C, 
and  activity  was  abolished  by  heating  to  50C.  Purified  enzyme  did 
not  react  with  lipoamlde  and  demonstrated  characteristics  which  clearly 
distinguish  it  from  dlaphorase.  Bovine  erythrocyte  methemoglobln 
reductase  was  purified  by  sladlar  techniques  and  compared  to  the 
purified  muscle  enzyme.  These  studies  demonstrated  that  Che  muscle 
and  red  cell  enzyme  were  similar.  On  acrylamide  gel  electrophoresis, 
however,  the  two  enzymes  produced  different  patterns  when  stained 
for  activity  which  speaks  against  their  being  the  same. 
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CONCLUSIONS 


These  studies  have  demonstrated  some  of  the  characteristics  of  bovine 
metayoglobin  reductase  which  has  been  purified  as  much  as  2000-fold. 

The  enxyme  represents  a  distinct  entity  in  muscle  which  is  not 
diaphorase  or  contaminating  metheaoglobin  reductase.  Its  properties 
are  in  keeping  with  the  conditions  of  pH  and  temperature  which  are 
known  to  exist  in  exercising  muscle.  The  discovery  of  this  enzyme 
and  its  characterization  add  a  new  dimension  to  the  consideration 
of  the  role  of  myoglobin  in  muscle  function. 

RECOMMENDATIONS 

This  is  important  work  and  siiould  be  continued.  However,  due  to  loss 
of  funding  and  personnel  this  work  unit  is  being  terminated. 

PUBLICATIONS 

HAGLER,  l.,  R.  I.  COPPES,  Jr.,  and  R.  H.  HERMAN.  Hetmyoglobin 
reductase:  Identification  of  a  reduced  nicotlnamldeadenlnedinuclaotide- 
dependent  enzyme  from  bovine  heart  which  reduces  metayoglobin .  Sub¬ 
mitted  for  publication. 
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23.  (E‘)  Tinea  corporis  (body  ringworm)  has  produced  unacceptable  non-effectiveness 

of  cotabat  troops  in  previous  military  conflicts.  This  problem  cay  be  anticipated  with¬ 
in  the  D  +  15-30  time  fretse  of  possible  future  conflicts  unless  adequate  preventive 
measures  are  found.  Prevention  of  Infection  Is  the  major  goal:  determining  how  to 
decrease  the  severity  of  disease  by  drug  therapy  or  alterations  of  the  micro-environ¬ 
ment  will  be  steps  toward  that  goal. 

24.  (U)  The  approach  will  Include  studies  on  (a)  the  influence  of  the  local  skin 
environment  and  akin  condition  on  the  severity  of  disease,  (b)  the  effectiveness  of 
different  methods  of  therapy,  (c)  factors  responsible  for  decreasing  or  increasing 
the  severity  of  the  disease. 

25.  (U)  77  10  -  78  09.  Under  controlled  conditions  with  experlocntal  Infections  on 

the  skin  of  guinea  plRS,  the  route  of  fungal  Invasion  was  defined  for  primary  infec¬ 
tions  and  work  is  now  being  completed  on  defining  the  route  of  invasion  during  sec¬ 
ondary  infections.  On  hairless  dogs,  abrasion  is  necessarv  for  Initiating  Infection. 

On  the  hairy  skJn  of  a  guinea  pig,  abrasion  Is  not  necessary.  Healing  of  a  fungal 
lesion  is  delayed  by  3-5  weeks  in  guinea  pigs  deficient  in  folic  acid,  but  ascorbic 
acid  deficiency  does  not  influence  the  rate  of  healing.  The  cicromethod  of  assay¬ 
ing  fungal  growth  was  adapted  to  test  the  sensitivity  of  fungi  to  gristafulvin.  For 
admlnstrat ivc  reasons,  this  work  unit  has  been  terminated  and  the  research  incorpor¬ 
ated  within  Work  Unit  No.  067,  DA  0C  6733. 
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ABSTRACT 


Other  Tropical  Medicine 


PROJECT  NO.  3M762772A610 

WORK  UNIT  NO.  001  Prevention  of  Fungal 

Infections  of  the 
Soldier's  Skin 

The  following  investigations  have  been  conducted  under  this 
work  unit: 

STUDY  NO.  1  Host-parasite  relationships  in  dermatophyte 
infections 

EX-1  Fungal  infections  in  guinea  pig  skin 

EX-4  The  role  of  the  physical  condition  of  the  skin 
in  determining  whether  fungal  Infections  develop 

EX-5  Initiation  of  fungal  infections  on  hairless 
skin 

STUDY  NO.  3  Immunology  of  fungal  infections 

EX-6  Evaluation  of  Oct  77  lot  of  trlchophytln 

STUDY  NO.  4  Effect  of  vitamin  deficiencies  on  the  severity 
of  fungal  infections 

STUDY  NO.  1 

NX-1  Studies  were  completed  on  the  invasion  of  guinea 
pig  skin  by  fungi.  These  studies  showed  that  fungi  invaded  through 
the  hair  follicle  and  then  spread  out  into  the  stratum  lucldum. 

RX-4  Intact  guinea  pig  skin  requires  10°  spores  to  Initiate 
a  fungal  infection,  while  abraded  or  occluded  skin  only  requires 
10z  snores  to  initiate  a  fungal  infection. 

SX-5  When  skin  is  hairless,  it  is  difficult  to  .initiate 
a  fungal  infection  or.  the  skin  if  it  is  Intact.  Fungal  infections 
are  more  easily  initiated  cn  hairless  skin  when  the  skin  is  abraded. 

STUDY  NO.  3  The  last  lot  of  trlchophytln  antigen  prepared  in 
Oct  1977  was  unstable  and  not  suitable  for  use  in  any  studies. 

STUDY  NO.  4  Studies  ar»  in  progress  to  evaluate  the  effect  of 
ascorbic  acid  and  folic  acid  deficiencies  on  the  severity  of  fungal 
infections.  Preliminary  results  show  that  folic  acid  deficiency 
delays  healing  by  several  weeks  and  also  interferes  with  cell- 
mediated  immunity. 


v.'opk  unit  no.  001 


study  no.  l 


r.x-i 


rr.oBU-v 


BOW  OP  REPORT 

Prevention  of  fungal 
Infections  of  the  Soldier's 
Skin 

liost-parasi  te  relationships 
in  dermatophyte  Infections 

fungal  infections  <n  guinea 
pig  sl  in 


|  In  the  conbat  soldiers'  enviornment ,  disease  produced  bv  Trichophyton 

i  mentagrophytes  ray  increase  In  severity  and  result  in  epidemic  die- 

l  abllng  body  ringworm.  By  rlcrovlsual  techniques,  ve  Investigated 

v>hen  and  where  in  the  skin  the  fung.us  Invades.  *'e  hone  to  determine 
|  the  fungal  fores  and  their  exact  micro-anatomic  pathways  of  invasion 

|  under  various  local  skin  conditions.  These  patterns  nav  indicate 

|  Inherent  strengths  or  weaknesses  of  the  host  and  parasite  species 

i  as  they  interact,  which  nay  lead  tc  improved  prophylactic  or 

therapeutic  treasures  or  agents. 

5  RESULTS  A.HR  DISCUSS  I CW  OK  RESULTS 
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Trichophyton  rentagrophytes  Invasion  of  guinea  pig  skin  was  examined 
by  scanning  electron  microscopy  (SF').  Biopsies  were  obtained  daily 
for  twelve  days  from  experimental  infection  sites.  Dermatophyte 
invasion,  examined  in  detail  by  SUM  of  cross- sectioned,  prefixed  skin 
was  evidenced  by  the  appearance  of  hyphae  within  the  stratum  eorneum, 
follicular  invasion  by  hyphae  which  remained  initially  within  the 
follicle  wall,  emergence  of  the  hyphae  from  the  wall  into  the  follicular 
canal,  proliferation  of  the  fungus  down  the  follicle  with  furrowing  of 
the  follicle  wall  and  hair  shaft  cuticle,  penetration  of  hyphae 
into  the  hair  shaft  by  subcuticular  and  transcutlcular  routev,  and 
massive  peripilar  hyphal  proliferation  with  arthrosporopenesta.  A 
three-dimensional  perception  of  the  invasion  sequence  of  a  dermatophyte 
In  yulneA  pig  skin  has  been  obtained  by  SF‘.  Ve  are  now  nreparirig 
sections  of  lesions  of  secondary  fungal  Infections  to  determine  If  they 
differ  from  primary  lesions  in  respect  to  proliferation. 

CONCLUSIONS 

Ve  have  definitely  shown  that  fungi  invade  guinea  pig  skin 
through  the  hair  follicle.  Work  is  now  in  progress  to  determine 
the  method  of  invasion  In  secondary  infections. 

REOOMffiNDATlONS 


the  work  on  secondary  lesions  should  be  completed  to  determine 
the  route  of  invasion,  «nd  to  determine  the  extent  and  location 
of  fungal  proliferation. 
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1.  ItlTTO!;,  P.D.,  ?.  Kr*B<\  and  I'..  Yi:i  .  Scanntnr  electron 
microscopy  of  experimental  Trichophyton  r.entnrrop!ivtefi 
Infections  in  guinea  fir  shin.  Infect  ltmun  21:  247-233,  1078 

1-.X-4  The  role  of  the  phvjfcnl 

condition  of  the  shin  in 
determining  whether  fungal 
infections  develop 

rnjni^v 

l.’e  do  not  know  if  the  condition  of  the  skin  (normal*.  abraded  or 
occluded)  influences  the  number  of  spores  needed  to  inltiste  on 
infection. 

rrsiLTs  and  dtsctssicm  or  pr.sn.Ty 

t'e  infected  quince  pigs  with  nporcs  of  Trichophyton  mentarrophytas . 
Three  different  methods  of  infection  were  corpared.  The  first 
nethod,  colled  occlusion,  van  perform'd  bv  placing  spores  on 
unnbraded  sV  in  ond  occluding  the  site.  The  second  ret hod 
of  infection  consisted  of  placing  spores  on  abraded  skin 
and  gently  rubbing  in  the  inoculur.  Tnc  third  nethod  vas 
performed  by  placinr  spores  on  intact  skin  and  gently  rubbing, 
in  the  inoculum,  h’e  found  that  fungal  infections  vere  initiated 
with  100  sporea  when  the  skin  was  occluded  or  abraded.  If 
the  akin  vas  Intact,  1,000,000  spores  vcrc  needed  to  initiate 
infections  in  almost  all  animals. 

Work  Is  currently  being  completed  to  determine  if  spores  can 
germinate  on  the  surface  of  abraded  (or  occluded)  skin  and 
directly  penetrate  the  stratum  corneum.  Vc  V.nov  fungi  do  not 
penettate  the  stratum  corneum  directly  if  the  skin  is  intact. 

COHCmSICKS 

Skin  which  is  occluded  or  abraded  is  much  more  susceptible  to 
fungal  infections. 

RECO>yr.KtATICKS 

Any  effort  siade  to  reduce  abrasion,  scratching,  or  occlusion  of 
soldiers*  skin  through  Improved  clothlnp  or  footvear  should  help 
to  reduce  fungal  infections.  The  work  on  the  site  of  invasion  and 
areas  of  proliferation  should  be  completed.  This  work  should  then 
be  published. 


PUBLICATIONS 


Initiation  of  funp.al 
infections  on  hairleaa  skin 


proBix?* 


We  know  that  on  hairy  guinea  pip  skin,  occlusion  or  abrasion 
is  not  necessary  for  Initiating  an  infection.  The  route  of 
Invasion  appears  to  be  the  hair  follicle.  On  hairless  skin,  such 
as  ran's  or  hairless  dog's,  we  do  not  know  If  fungi  can  Initiate 
an  Infection  on  intact  skin. 

ttTULTS  AND  DISCUSSION  OF  PFSl’LTS 


We  placed  ten-fold  dilutions  of  fungal  spores  (from  10^  to  10^ 
spores  on  1  cr^)  on  the  backs  of  3  hairless  dops  at  sites  where 
the  skin  was  cither  intact  or  at raced.  Duplicates  were  performed 
on  each  animal.  Fungal  infections  developed  in  abraded  areas  of 
skin  with  all  spore  doses.  Funp.nl  infections  did  not  develop 
on  intact  skin  unless  10°  spores  were  used. 

CONCLUSIONS 

Cn  hairless  skin  of  dops,  abrasion  Is  essential  for  initiating 
fungal  Infections  with  less  than  10^  spores  per  cr-2, 

nraviiKypATTONs 

Deducing  abrasion  should  help  cllnlnatc  funpal  Infections  in 
soldiers.  These  data  should  be  published, 

PUBLICATIONS 


STUDY  NO. 


Irsrunology  of  fungal 
infect  ions 


PPOBI.at 


Evaluation  of  Oct  77  lota 
of  trlclionhytin  prepared 
under  Work  Unit  067 


Fungal  antigen  is  needed  for  experiments  in  Work  Units  001  and 
067.  A  nev  lot  of  fungal  antigen  was  prepared  in  Oct  1977 
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fro r.  funpal  rnt3  ''ronxrct1  under  contract.  This  let  had  to  he 
evaluated  to  detcrrlr.c  If  it  trns  suitable  to  bo  used  as  a  standard 
anci^en  for  these  tvo  work  units. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Trichephytin  lot  ‘"'ct  77  vas  tested  for  its  suitability  to  be 
used  as  a  standard  antifen.  The  standard  antip.en  should  five 
positive  responses  in  infected  anirals  co  the  follovlnp  tests: 

(1)  skin  tests,  (2)  lynpliocyte  Hastopcnesis,  and  (3)  cutaneous 
basophilic  hypersensitivity.  The  anti pen  should  also  give 
negative  responses  in  control  anirals  to  the  above  tests  and 
additionally  should  not  sensitize  control  anirals. 
t’c  found  that  trichopiiy tin  lot  net  77  t.*as  unstable.  After  6 
ront.i^  storape,  none  of  the  tests  were  positive  in  infected 
aninals.  /Iso,  this  antigen  sensitized  control  anirals.  Therefore, 
this  lot  is  unsuitable  for  use. 

COKCLffTn:;? 

Trichophytin  lot  °ct  77  cannot  be  used  as  a  standard  antipen. 
rT:co'M-.Nr>ATTc::r 


L/I°  docs  not  have  a  standard  funpal  antipen.  This  antipen 
should  S:c  obtained. 

PUBLICATIONS 


1.  GREENBERG,  J.,  and  ?.  KERBS.  Cutaneous  basophilic  hyper¬ 
sensitivity  responses  to  funpal  antlp.cns.  Sulritted  for 
publication. 

STUDY  NO.  4  rffect  of  vitamin 

deficiencies  on  the 
severity  of  fungal 
Infections 


rroBLE?! 


The  Influence  of  vitamins  on  susceptibility  to  or  recovery  fron 
funpal  infections  is  unknovn .  Ue  want  to  knot.*  whether  guinea 
pig*  marginally  deficient  in  ascorbic  acid  or  folic  acid  are 
more  suscentible  to  funpal  infections  or  renuire  a  longer 
tire  to  heal  than  controls.  Also,  there  is  not  apreerent  in 
the  literature  on  the  effects  of  this  deficiency  on  the  animals' 
cell-mediated  and  antibody  responses,  or  on  the  level  of  saturated 
transferrin  in  their  blood. 


-  <  -■  ’,  '  •'*  . .  - - h«*«*wmw 


RESULTS  AKD  UISCUSSIOM  OF  RESULTS 

Guinea  pigs  vere  rade  marginally  deficient  in  ascorbic  or  folic 
«cid.  Preliminary  results  show  healing  le  greedy  delayed  (by 
21-35  days)  In  aninale  narginally  deficient  in  folic  acid. 
Folic  acid  deficient  aninale  nlno  do  not  have  nomal  cell- 
nedlated  responses,  but  antibody  responses  appear  nomal. 

Work  is  currently  being  done  on  determining  the  effects  of 
ascorbic  acid  deficiency  and  on  analyzing  the  iron-binding 
capacity  of  the  serun. 


Uealing  is  delayed  vlth  marginal  deficiencies  in  folic  acid. 
RF.CObyEH  DAT  IONS 

This  work  should  be  completed  and  published. 

PUBLICATION? 
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Foreign  Intelligence  Sot  Applicable 


M  (U)  Ultraviolet  Ujjht ;  fU)  Sweat :  XU)  Contact  DenaatUia; 

(U)  Skin;  (U)  Friction;  (U)  Blisters;  (U)  »ittr  TtttMlon;  (U)  Miliaria;  Tu)  Ucciuslon 
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23.  (C)  The  objective*  *•  to  develop  prophylactic  seise;:*  against  the  a*sault»  of 
neat,  humidity,  friction,  ite* *ure,  occlusion,  water  lmersion,  sweat,  and  ultraviolet 
'ignt  alone  and  In  cos'olnatioo  on  r.oldiers'  skin.  Disease*  like  friction  blisters, 
paddy  foot,  prickly  heat  ash,  athlete's  foot,  jock  itch,  skin  infections,  snd  sunburn 
result  in  epidemics  aong  soldiers  and  cause  high  morbidity,  nan-days  lost,  snd  inter¬ 
fere  with  performance  of  mission. 

24.  (U)  The  natural  history  of  the  disease*  will  be  studied.  Promising  prophylactic 
and  ther*?tut  1  -  yxjasuros  will  be  teste'*  in  the  laboratory  and  the  field. 

25.  (U)  7/  10  -  78  09.  Kpidealologl c  study  of  friction  blisters  in  recruits  of  all 
the  services  was  completed  h.s.-'ne  recruit*  had  bigger  blisters  that  occurred  earlier 
in  basic  training  than  in  other  services.  There  was  no  correlation  between  boot  fit 
and  blister  developstent .  Blistering  was  caused  by  stiffness  of  new  boots,  combined 
with  vigorous  running  end  forced  marching.  Preliminary  studies  of  use  of  10X  glutsr- 
aldehyde  solution  to  reduce  foot  and  ankle  blisters  revealed  slid  transient  irritation 
in  a  few  subjects  and  an  allergic  contact  dermatitis  with  one  soldier.  Sample  site 
was  toe  low  to  evaluate  efficacy  of  the  procedure.  This  work  unit  has  been  terminated 
duo  to  departure  of  the  investigators  and  lack  of  qualified  investigators  (dermatolo¬ 
gists)  to  do  the  research. 
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PROJECT  NO.  1Mf>27R2A«10 
WORK  UNIT  NO.  002 


AllSTRACT 

Military  Skin  Disease 

Prevention  of  Skin  Disease 
Caused  bv  Fnvironmental 
Assaults  on  Skin 


The  followinp  invest  If at  ions  have  been  conducted  under  this 
work  unit: 

STUDY  NO.  1  Ipidemlolopy  of  friction  blisters  In  soldiers 

STUDY  NO.  2  Prevention  of  friction  blisters  In  soldiers  with 
p luteraldchyde 

STUDY  NO.  1  Data  on  the  natural  history  of  the  epldemlolopy  of 
friction  blisters  in  recruits  of  all  the  services  (Army,  Navy,  Air 
Force,  Marines)  have  been  collected  and  analvccd.  The  Phase  V 
study  in  290  Marine  recruits  revealed  that  their  blisters  had  oc¬ 
curred  earlier  in  basic  traininr  (durinp.  the  first  2  weeks)  and  were 
somewhat  larper  than  In  recruits  of  the  other  services.  In  Phase 

VI,  the  feet  of  21J  recruits  wore  measured  for  correct  boot  fit  and  I 

the  fit  was  considered  pood  In  877  of  the  cases.  There  was  no  ! 

correlation  between  improper  boot  fit  and  dcvelopinp  friction  j 

blisters.  The  culprits  produclnp  blisters  In  recruits  arc  stiff 
new  boots,  viperous  runninp,  and  forced  marchinp. 

STUDY  NO.  2  We  received  approval  (from  the  Federal  Drup  Adminis¬ 
tration)  of  our  Invent  lent  tonal  new  drup  (TND)  application  to 

determine  the  efficacy  of  a  pluteraldehydc  solution  as  «n  spent  to  - 

reduce  the  incidence  of  foot  and  ankle  blisters  in  recruits  in  basic  £ 

combat  traininp.  In  the  study,  the  102  p.lutcrnldchyde  solution  will  i 

be  applied  one  tine  daily,  5  days  a  week,  for  5  weeks.  A  preliminary  t 

clinical  trial  (Phase  I)  was  conducted  for  a  period  of  8  weeks  to 
support  the  application.  Twelve  normal  healthy  volunteers  partici¬ 
pated.  Mild  transient  irritation  occurred  in  s  few  subjects;  on 
one  soldier,  an  allergic  contact  dermatitis  was  produced  by  the 
third  week  on  the  thin  skin  of  the  ankles.  The  nylon  mohair-top 
plastic  applicator  tested  in  TYiasc  1  will  be  used  in  the  efficacy 
study  (Phase  II)  which  will  her  In  when  a  physiclan-lnvcstipator 
becomes  available. 
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WORK  UNIT  NO.  0C2 


STUDY  NO.  1 

PROBLEM 


BODY  OF  REPORT 

Prevention  of  Skin  Disease 
Caused  hv  Environmental  Assaults 
on  Skin 

Epidemiology  of  friction 
blisters  in  soldiers 


Friction  blister;*  cause  high  rates  of  dlsabiiitv  In  the  military, 
especially  among  recruits  In  training  and  among  seasoned  troops 
suddenly  mobilized  to  stressful  environments  of  sustained  operations. 
Friction  blisters  may  render  large  numbers  of  soldiers  unfit  for 
service  rapidly;  thus  the  effective  force  will  be  diminished  even 
at  the  beginning  of  the  campaign.  As  manv  as  25  to  302  of  troops 
may  sustain  injury  to  the  feet  during  the  first  few  days  of  forced 
starching.  Development  of  a  prophylaxis  for  friction  blisters  has  a 
high  priority  in  the  recently  published  SHW 78.  Blisters  must  be 
prevented  early  (day  15)  to  permit  greater  strategic  mobility 
and  improve  troop  performance  in  the  stressful  environment  of 
sustained  operations. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  complete  results  of  this  6~pba*e  study  have  been  analyzed. 

In  the  FY  77  annual  progress  report  (pages  142-243)  results  on 
Phases  1,  II  and  III  were  reported. 

In  Phase  IV  ve  studied  105  recruits  who  were  hospitalized  with 
friction  blister  related  cellulitis  at  Fort  Leonard  Wood.  We 
found  that  89*  vera  hospitalized  during  the  flrat  5  weeks  of 
training.  The  median  number  cf  days  hospitalized  were  3.3 
days.  Retrospective  study  of  hospital  record*  revested  that 
40  r«cruita/1000/yaar  were  hospitalized  for  infected  blisters. 

Thus,  friction  bilater  related  cellulitis  is  second  only  to  acute 
respiratory  disease  as  a  cause  for  hospitalization  in  basic  combat, 
training.  This  proved  true  in  the  Army,  Navy,  Air  Force,  and 
Marine  Corps  basic  training  centers. 

Phase  V  vas  a  prospective  podiatry  clinic  etudy  of  290  marines.  We 
found  that  812  of  the  blisters  occurred  during  the  first  3  weeks 
of  training.  Bazic  tralniny  in  Marines  1*  jwre  vigorous  than  the 
other  servlcea.  Blisters  occur  earlier,  are  somewhat  larger,  and 
are  more  likely  to  become  infected  in  the  Marine  recruits  than  other 
recrulta,  perhaps  because  of  the  more  intensive  training.  In  a 
collaborative  study  from  Fort  Leonard  Wood,  the  Navy  ar,d  Marine 
Recruit  Training  Center  San  Diego,  and  Lackland  Air  Force  we 
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observed  chat,  of  all  recruits  hospitalised  for  blisters  and  compli¬ 
cations,  882  were  hospitalised  during  the  first  S  weeks  of  basic 
training.  Friction  blisters  and  associated  cellulitis  usually  occurred 
early  with  forced  marching  during  the  second  and  third  weeks  of  basic 
training.  Severe  frictional  stress  of  a  forced  march  in  a  new  stiff 
boot  is  probably  related  to  friction  blisters.  Apparently,  after  5 
wetks,  the  boots  are  sufficiently  broken  in  and  sufficient  callus  has 
formed  on  the  soldiers'  feet  to  make  severe  blisters  unlikely.  Karines 
developed  blisters  in  the  first  and  second  weeks,  whereas  the  Army, 
Navy,  and  Air  Force  recruits  tended  to  get  blisters  in  the  second 
to  fourth  weeks.  If  some  agent,  such  as  glutaraldehyde,  can  protect 
the  soldiers  for  the  first  5  weeks  and  allow  the  foot  to  toughen  while 
the  boc's  at:  heing  broken  in,  recruits  probably  will  have  fewer  blis¬ 
ters  during  the  rest  of  basic  training.  Of  202  recruits  with  cellu¬ 
litis,  only  3  (1.52)  were  black.  Since  black  soldiers  comprise  more 
than  1.52  in  all  services,  our  observation  suggests  that  black 
soldiers  may  have  other  protective  factors  preventing  them  from  getting 
severe  blisters,  such  as  the  stratum  corneum,  which  in  blacks  is  more 
compact  and  more  resistant  to  frictional  stress. 

In  the  Phase  VI  study,  we  measured  the  site  of  both  feet  in  213 
recruits  to  evaluate  the  association  of  improper  boot  fit  and  foot 
site  as  a  cause  of  friction  blisters.  The  boot  fit  was  considered 
“good"  in  872  of  the  group.  There  was  no  correlation  between  improper 
boot  fit  and  friction  blisters.  The  myth  that  "soldiers  are  not 
fitted  properly  with  boots,  and  this  is  a  major  cause  of  friction 
blisters"  can  be  put  to  rest.  The  causes  of  friction  blisters  appeared 
to  be  early  forced  marches  and  stiff  new  boots  on  the  feet  of  recruits 
who  did  not  have  sufficient  callus  to  protect  them  from  blistering. 

CONCLUSIONS 

Friction  blisters  of  the  feet  and  blister-related  cellulitis  arc 
second  only  to  acute  respiratory  disease  as  medical  problems  in  basic 
combat  training  in  the  peace-time  army.  History  documents  the 
magnitude  of  the  impact  of  friction  blisters  in  military  operations. 

At  least  602  of  recruits  develop  blisters;  400/1000/year  report  for 
treatment  and  40/1000/year  are  hospitalised  for  a  mean  of  3.3  days. 
Blisters  in  recruits  cost  DoD  1.46  million  dollars  in  1976.  Black 
recruits  develop  fewer  blisters  than  white  recruits.  Karine  recruits 
have  larger  blisters  that  occur  earlier  in  their  training  than  the 
blisters  recruits  in  the  other  services  have  on  their  fact.  New 
stiff  boots,  vigorous  running,  and  forced  marching  in  weeks  1,  2,  and 
3  seem  to  cause  the  most  difficulty.  After  week  5  of  training,  few 
blisters  form;  the  boots  are  broken  In  and  protectiva  calluses  on 
She  feet  have  formed.  He  discovered  only  a  email  percentage  (+132) 
of  poorly  fitting  boots.  There  was  no  correlation  between  improper 
boo*,  fit  and  development  of  friction  blisters.  Ulsters  around  the 
her.l,  the  Achilles  tendon,  and  the  front  of  the  ankle  are  the  ooes 
that  readily  become  Infected. 
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RrcomnrcATioNs 


The  boot*  should  be  broken  In  either  mechanically  and/or  chemically 
before  Issue.  lhe  basic  combat  training  schedule  should  be  modified 
to  permit  a  slower  and  more  gradual  increase  in  physical  stress  through 
the  fifth  week.  Topical  protective  ap.ent‘s  s!v*«ld  he  developed  to 
lessen  the  frictional  forces  on  th  ■>'/.:»  off  the  foot  and  ankle. 

Redesign  cf  the  combat  boot  in  the  -’.eel  counce.  and  lace  area  over 
the  anterior  ankle  should  be  cona  ^..r'ed. 

PUBLICATIONS 


None 


STUDY  NO.  2  Prevention  of  friction  blisters 

in  soldiers  with  gluteraldehyde 

1R0BLEF 

Friction  blisters  and  friction  blister-related  cellulitis  are  well 
documented  military  medical  problems.  Friction  blisters  are  prevalent 
among  recruits  of  all  services.  If  the  primary  causes  of  friction 
blisters  are  from  stiff,  new  boots  and  early  forced  marching,  then 
a  preventive  measure,  which  toughens  the  skin  while  the  boots  are 
being  broken  in  and  while  the  recruits  are  developing  calluses,  would 
be  a  genuine  asset  to  military  reeiiness.  For  these  reasons,  we 
looked  at  gluteraldehyde,  a  tannlnp  agent  with  strong  antimicrobial 
activity.  Topical  application  of  gluteraldehyde  decreases  sweat 
formation,  which,  in  turn,  reduces  the  coefficient  of  friction. 
Gluteraldehyde  has  been  effective  i.«  friction  blister  prophylaxis 
in  controlled  testing. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Gluteraldehyde  does  not  produce  cross-sensitivity  to  formaldehyde. 
Gluteraldehyde  penetrates  the  human  stratum  corneum  in  vitro  poorly 
because  it  binds  avidly  to  the  homy  layer.  Even  in  patients  highly 
allergic  to  gluteraldehyde,  skin  reactions  do  not  occur  when  it  is 
placed  on  the  thick  stratum  corneum  of  the  palm  or  sole. 

In  the  Phase  1  clinical  trial  for  skin  irrltstlon  and  sensitisation 
to  support  the  approved  investigational  new  drug  application  (IKD), 
gluteraldehyde  (GLAD)  was  applied  unoccluded  to  the  posterior  ankle 
end  heel  and  the  anterior  ankle  of  12  volunteers  dally  for  3  weeks, 
then  3  times  a  day  for  3  weeks.  Eleven  of  the  12  subjects  had  no 
reaction  except  for  e  few  with  transient,  minimal  irritation.  One 
subject  did  develop  a  contact  alletgy  to  CLAD,  end  this  was  limited 
to  the  thin  skin  of  the  ankles.  In  future  studies,  GLAD  will  be 
applied  to  the  thicker  skin  of  the  posterior  heel  end  ankle  and 
the  medial  and  lateral  heel.  The  degree  of  oteining  (  s  yellowish 
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brown  color)  varied  greatly.  All  subjects  commented  on  the  lack  of 
eveatlng  and  on  a  sllpperlnesa  of  the  akin  cf  the  treated  areas.  Mo 
one  rubbed  a  blister  in  the  treated  area,  although  acme  engaged  in 
team  sports  during  the  study. 

The  optimal  concentration  and  the  optical  frequency  of  application 
of  GLAD  to  reduce  the  incidence  of  blisters  have  not  been  determined. 

Ve  suspect  that  102  GLAD  solution  applied  3  tines  a  week  for  S  weeks 
stay  suffice,  since  thAt  dosage  works  in  patients  with  epidermolysis 
bullosa.  A  60  ml  polypropylene  applicator  bottle  with  a  nylon  mohair 
top  with  flow  valve,  worked  nicely  to  give  a  controlled  amount  rapidly 
on  a  limited  area.  Sufficient  toxicological  data  wer"  obtained  from 
the  manufacturers  and  the  literature  to  support  the  InO. 

The  efficacy  study  (Fhase  II)  was  approved  for  application  5  days 
a  week,  for  5  weeks,  in  4  companies  of  recruits  at  Fort  Leonard  Wood. 

CONCLUSIONS 

One  of  12  volunteers  developed  a  contact  sensitisation  on  the 
thin  skin  of  the  ankle,  but  not  on  the  thicker  areas  of  the  hetl 
during  3  weeks  of  daily  application.  Only  mild  transient  irritation 
occurred  in  several  other  subjects  during  the  8  weeks.  In  reported 
studies  in  over  700  patients  using  topical  gluteraldehyde  frequently, 
no  cases  of  allergic  contact  dermatitis  were  reported.  A  nylon 
mohair  top  and  plastic  applicator  bottle  performed  moat  satisfactorily, 
and  should  perform  nicely  in  larger  trials. 

RECOMMENDATIONS 

Fhase  II  clinical  trials  of  10X  GLAD  solution  applied  once  daily, 

5  days  a  week  for  5  tracks  to  the  posterior  ankle  and  heel  and  to  the 
lateral  and  medial  heel  should  be  performed.  Tf  the  results  are 
encouraging.  Phase  III  clinical  trials  in  2  battalions  of  recruits 
(1800-2000  subjects)  should  be  done. 

PUBLICATIONS 


None 
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23.  (U)  The  objectives  are  to  diacover  a  long-lasting  water  and  abrasion  resistant 
topical  repellent  formulation  that  will  protect  soldiers  against  malaria-bearing 
mosquitoes  and  other  vectors  of  militarily  important  diseases;  to  develop  in  vitro  test 
■ethoda  to  determine  physical  properties  of  repellent  formulations  which  are  tested  in 
the  in  vivo  screening  program,  and  by  correlating  the  in  vitro  and  in  vivo  teat  results 
to  predict  evaporation,  penetration,  and  repellent -skin  interactions  which  will  aid  in 
designing  new  repellents. 

24.  (b)  Physical  properties  and  efficacy  of  repellents  and  formulct ions  will  be  deter¬ 
mined  by  partition  coefficient,  relative  solubility,  volatility,  surface  activity,  and 
<^uretio*'  on  animals  and  man.  kith  the  use  of  a  computer  base,  for  statistic*!  analyses 

repellent  test  results,  individual  characteristics  which  can  be  enhanced  to  promote 
longer  duration  of  repellent  protection  will  be  determined. 

25.  (U)  77  10  -  78  09 .  Eight  known  Insect  repellents  tested  for  duration  on  the  hair¬ 

less  dog  yielded  data  comparable  to  analagous  test  results  in  htsoan  volunteers.  A  total 
of  9  new  candidate  repellent  chemicals  and  30  repellent  formulations  were  screened  for 
duration  on  the  hairless  dog.  Based  in  part  on  this  data,  two  repellent  chemicals  were 
selected  for  advanced  testing.  A  computer  data  management  svstem  for  the  hairless  dog 
test  data  and  a  computer  system  for  relating  individual  volunteer  characteristics  and 
physical  properties  of  repellents  to  repellent  efficacy  have  been  designed  and  are  near 
completion.  Gas  and  thin  layer  chromatographic  methods  have  been  developed  for  qualita¬ 
tive  and  quantitative  assay  of  repellents. 
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ABSTRACT 

PROJECT  NO.  3M762772A810  Military  Skin  Diaaaaaa 

WORK  UNIT  NO.  003  Mora  Effective  Topical 

Repellents  Against  Disease 
Bearing  Mosquitoes 

The  following  investigations  hava  been  conducted  under  this 
aork  unit: 

STUDY  NO.  1  Mosquito  repellent  data  management  systems 

STUDY  NO.  2  Further  testing  of  the  hairless  dog  as  an 

an Inal  nodal  for  repellent  studies 

STUDY  NO.  3  Evaluation  of  candidate  repellents  and 
repellent  fornulatlons 

STUDY  NO.  1  Effort  is  directed  for  the  developawnt  of  ECLIPSE 
C300  baaed  .umputer  data  ays tana  for  the  Management  of  Mosquito 
repellent  data  derived  from  animals  and  volunteers. 

STUDY  NO.  2  Additional  tests  were  performed  on  the  hairless 
dog  and  sun  to  support  the  use  of  the  hairless  dog  as  an  aniawl 
nodal  in  repellent  studies. 

STUDY  NO.  3  The  results  of  testing  new  repellent  chemicals  and 
fomulatlonr  -'9  th -  hairless  dog  show  that  two  compounds  are 
candidate  repellents  for  human  volunteer  testing. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  003  More  Effective  Topic*! 

Repellent)!  Against  Disease 
Rear  inf.  Mosquitoes 

STUDY  NO.  1  ‘‘osquito  repellent  data 

management  systems 

PROBLEM 

At  cite  end  of  FY78,  the  Department  of  Dermatology  Research  has 
on  record  the  results  of  approximately  250  separate  repellent 
tests  involving  275  different  volunteers,  in  which  130  different 
repellent  chemicals  or  formulations  were  evaluated.  Also,  90  separate 
tests  with  50  different  repellents  or  formulations  arc  on  record 
for  our  animal  model  (hairless  dog)  testing.  Data  have  been  col- 
lected  for  the  physical  properties  of  repellents,  individual 
volunteer  and  cr>i’'&i  characteristics,  and  information  on  test 
conditions.  !  «nagenent  and  statistical  analysis  of  these  data 
require  computer  management  systems.  In  the  past,  a  portion  of 
the  human  test  data  had  been  loaded  into  a  Remote  File  Management 
System  (RFMS)  at  Lawrence  Berkeley  Laboratory  (LBL) ;  however, 
this  system  lacks  several  important  programmed  capabilities; 
l.e.,  data  editing  during  data  entry,  sort  capability,  real  tine 
sharing  and  interactive  processing  at  LBL.  Although  RFMS  can 
provide  effective  retrieval,  the  system  has  limited  •tatlrtical 
options.  No  provisions  were  made  for  the  management  of  animal 
test  data. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Human  test  data.  The  design  of  an  ECLIPSE  C300  based  system  to 
manage  mosquito  repellent  human  test  data  was  completed  in  cooperation 
with  the  Department  of  Information  Science.  This  system  allows  for 
management  of  time-djpendent  and  -independent  volunteer  characteristics, 
repellent  physical-chemical  characteristics,  test  condition  information, 
and  repellent  test  results.  With  the  recent  implementation  by  the 
Department  of  Information  Sciences  of  the  MINITAB  interactive  general 
statistical  program  on  the  LAIR  central  minicomputer,  local  processing 
is  preferred  to  allow  greater  user  control  over  data  entry,  maintenance 
and  analysis.  The  task  of  unloading  the  existing  RFMS  test  data  to 
Statistical  Package  for  Social  Sciences  for  statistical  analysis  at 
LBL  no  longer  exists.  Instead,  programs  are  under  development  to 
unload  the  data  base  to  the  LAIR  ECLIPSE  €300  minicomputer. 

The  design  and  programming  of  a  repellent  code  and  formulation 
specification  dictionary  has  been  accomplished  for  the  purpose 
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of  tha  human  repellent  management  system.  This  allows  the  user 
short  descriptive  designations  for  test  substances  as  wall  as 
ready  access  to  directions  for  preparing  formulations. 

The  entire  dots  set  In  RFMS  has  been  manually  checked  against 
laboratory  notebooks  to  assure  correct  transcription,  and  all  teats 
have  been  ordered,  coded,  and  sequenced  in  preparation  for  the 
ECLIPSE  C300  based  system. 

Animal  test  data.  The  design  of  an  ECLIPSE  C300  based  system 
to  menage  repellent  test  data  from  our  hairless  dog  animal  model 
has  been  accomplished.  The  system  manages  animal  characteristics, 
test  conditions,  repellent  efficacy  data  and  phyalcal  properties 
of  candidate  repellents.  User  control  over  data  tntry,  mainten¬ 
ance  have  been  stressed.  Interface  with  generalised 
software  statistical  packages  has  been  designed. 

In  addressing  the  problem  of  cresting  s  data  base  for  the  dog 
data  base,  several  goals  wars  Identified,  and  these  goals  arc 
enumerated  below: 

•Develop  e  program  to  read  ssssntlsl  information  concerning 
repellent  tests  into  files,  and  creation  of  appropriate  films 

•Develop  a  program  capable  of  reading  these  files,  and 
reporting  the  contents  of  those  files 

•Develop  a  program  capable  of  indexing  these  files 

•Create  a  separate  file  for  storage  of  index  parameters 

f Develop  a  program  capable  of  storing  nev  parameters 
for  inclusion  In  the  data  base 

•Develop  a  program  to  calculate  values  from  within  the  data 
base,  the  resultant  nev  values  to  be  Included  In  the  data  bmae. 

•Develop  a  program  which  will  merge  all  previously  created 
files  into  a  single  unified  file 

•Create  euch  a  single  unified  file 

•Develop  a  program  which  has  tha  capability  of  rtadlng 
ouch  a  fils  and  reporting  Its  contents 

•Develop  programs  to  sort  through  tha  unified  file  and  tabulate 
specified  data  in  a  temporary  file  to  be  used  for  statistic^ 
analysis 


111 


'Develop  program*  to  perform  specific  statistical  computations 
on  data  in  temporary  files 

The  first  nine  goals  have  teen  completed,  ant)  the  majority  of  the 
test  data  has  been  entered  into  the  system. 

COKCftJSIfflS 

The  data  systems  for  animal  and  human  reoellent  test  data  will 
provide  an  accurate  historical  file  for  future  investigators, 
allou  ready  access  and  Interaction  by  the  user,  and  provide  needed 
statistical  options. 

rEOOtJMENDATICHS 

Work  on  both  data  nanagamant  systems  should  continue  with  completion 
In  FT  79.  Statistical  analysis  of  the  animal  model  data  is  required 
for  decisions  concerning  which  repellents  should  be  advanced  for 
toxlqlty  and  human  testing.  Advanced  statistical  analysis  of  human 
test  efficacy  data,  individual  characteristics,  and  repellent  physical 
properties  will  identify  exploitable  factors  for  the  design  of  better 
lnseat  repellents. 


PUBLICATIONS 


1.  SPEKCE.it,  T.S.,  K.L.  ZELLER,  V.A.  AKERS,  and  V.ll.  LAUOLEY.  Data 

storage  and  retrieval  systesi  for  a  mosquito  repellent  test  program. 
Interim  P.eport,  June  1977.  Fan  Francisco,  California:  Letteman 
Army  Research  Institute.  (Submitted  for  publication) 


STUDY  NO.  2  Further  testing  of  the 

hairless  dog  as  an  animal 
model  for  repellent  studies 


PROBLEM 

The  envelopment  of  mere  effective  mosquito  repellents  presently 
requires  the  screening  of  large  numbers  of  compounds.  Fince 
testing  on  humans  requires  extensive  toxicity  tests  of  candidate 
compounds,  in  vitro  and  snlcal  tests  are  necessary  to  select  only 
the  most  promising  compounds  for  testing  on  hunans.  In  partic¬ 
ular,  an  animal  model  is  needed  which  can  screen  rapidly  the 
duration  of  effectiveness  of  nev  repellents.  The  guinea  pig 
is  useful  for  repellent  protection  tire  determination; 
however,  the  animal  has  to  be  shaved  and  restrained  during  the 
test  period.  Because  of  the  else  (four  repellents  can  be  tested 
simultaneously!,  ecse  of  haneilnp,  and  lack  of  hair,  the  hairless 
dog  was  investigated  as  an  antral  model  for  determination  of 
mosquito  repellent  efftcacv  in  FT  77.  Further  tests  were  performed 
m  FT  78  to  compare  tne  efflcacv  of  repellents  in  nan  and  dog. 

ill 


RL SILTS  A1ID  DISCISSION  OF  RESULTS 

Two  major  types  of  Cents  were  conducted  with  the  dop.  One  wen  the 
nlniral  effective  done  (MED)  test,  or  the  nlnlnal  amount  of  repel¬ 
lent  needed  to  repel  mosquitoes.  The  second  test  conducted  was 
the  dry  protection  tire  (OFT)  test,  which  is  a  reasure  of  repellont 
duration.  Analapou*  tents  were  performed  with  human  volunteers. 

Tent  in?,  procedures  used  are  documented  in  the  LAIR  annual  progress 
report  FT  77. 

Eight  different  mosquito  repellents  were  tented  for  duration  In 
the  hairless  dop  and  man.  1'ith  the  exception  of  SRI-6,  the  dogs 
ranked  the  repellents  in  the  sane  order  as  r.an.  At  a  dosage  level 
of  0.32  mp/ci»%  the  repellent  OFT  (in  hours)  in  hairless  dog  versus 
man  (Mean  DFT  +S.D. ,  J>  number  of  replicates)  for  the  following 
repellents  were:  Indalonep:  0.69  +  0.54  (16)  vs  2.2  +  1.8  (8); 
carbamide:  1.0  +  0.75  (40)  vs  2.1  +  1.7  (23);  d ime thy lnhtha late: 

2.7  +  1.6  (16)  vs  2.2  9  +  0.9  (8);  ethvlhexnnediol :  3.3  +  2.3 
(24)  vs  3.6  +  1.2  (40):  ~SRI-6:  4.7  +  3.1  (72)  vs  2.5  +  2.4  (23); 
and  sulfonamide  8.3  +4.3  vs  7.9  +4.4  (23). 

Many  factors  affect  the  duration  of  repellent  protection,  but  one  that 
was  found  most  important  was  the  MED.  ME.  tents  were  done  on 

5  compounds  in  both  hairless  dogs  and  ran.  The  MED  (mg/ cm2)  in 

the  hairless  dog  vs  nan  (mean  !*ED  +  S.D. ,  N"  number  of  replicates) 
for  the  following  repellents  were  sulfonamide:  0.024  +  0.022  (24) 
vs  0.036  +  0.06  (15);  m-dect:  0.066  +  0.047  (24)  vs  0.026  +  0.02 
(24);  ethy lhexaned lol :  0.065  >  0.02i“(7)  vs  0.046  +  0.028  (16);  SRI- 
6:  0.12  +  0.08  (24)  vs  0.064  +  0.06  (24);  and  carbamide:  0.61  +  0.18 

(24)  vs  0.16  +  0.06  (24).  Hoth  the  dog  and  man  ranked  the  repellents 

similarly,  and  It  can  be  seen  that,  generallv,  compounds  with  lover 
MEDs  last  longer. 

As  a  variation  of  the  usual  OFT  method,  we  applied  repellents  et 
staggered  pretreatment  Intervals  (4  dogs  per  interval)  to  dogs 
and  tested  ell  of  the  animals  (one-time  challenge)  with  mosquitoes 
et  the  «nd  of  the  test  day.  Sulfonamide  provided  at  least 
75Z  protection  in  each  of  the  four  test  groups,  whereas 
m-deet  provided  equivalent  protection  only  through  the  4.5- 
hour  period.  SRI-6  appears  to  provide  borderline  protection 
after  the  2.5-hour  pretreetnent  Interval  and  carbamide,  at 
e  dose  of  0,32  mg/cm  ,  provides  no  useful  protection  throughout 
the  entire  test  period.  These  results  are  in  agreement  with  the 
duration  test  reaults  reported  above. 

CONCLUStOHS 

The  hairless  dog  Is  «  pood  model  for  insect  repellent  studies. 

The  animal  ranks  repellents  similarly  to  man  In  both  MED 
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and  duration  teats  (linear  regresalon  analysis  of  Dog  DPT  vs  Human 
DPT  reveals  a  correlation  coefficient,  r  •  0.91).  Percutaneous 
absorption  studies  with  radiolabeled  repellents  suggest  the  permeability 
of  the  dog's  skin  does  not  differ  markedly  frost  man  (Study  No.  1, 

Work  Unit  066).  The  hsirlesanesa,  ease  of  handling,  and  large  site 
of  the  dog  allow  rapid  screening  of  simple  repellents  and  formulations. 

RECOW  ENDATTONS 

The  hairless  dog  should  be  used  as  an  animal  model  for  the  routine 
screening  of  simple  repellents  and  formulations  of  repellents. 

PUBLICATIONS 

1.  HILL,  J.A.,  P.B.  ROBINSON,  D.L.  McVFY,  V.A.  AKERS  and  V.C.  REIFENRATH . 
Evaluation  of  mosquito  repellents  on  the  hairless  dog.  (Submitted 
for  publication) 


STUDY  NO.  3  Evaluation  of  candidate 

repellents  and  repellent 
formulations 

PROBLEM 

Duration  testing  in  animals  is  required  for  new  candidate  repellents 
synthesized  on  contract  and  for  formulations  of  existing  repellents 
developed  in-house  against  mosquitoes.  Toxicological  evaluation 
of  new  candidate  repellents  Is  required  before  human  testing  can 
be  accomplished.  Development  of  In  vitro  methods  to  screen  formulations 
before  evaluation  against  mosquitoes  is  required. 

jRESW.TS  AND  DISCUSSION  OF  RESULTS 

•Duration  testing  In  the  hairless  dog  for  new  simple  repellents 
and  toxicological  testing  of  repellents. 

Eight  candidate  repellents,  835*-29C,  835-27C,  R35-25B  165-67, 

835-23A,  835-19C,  *35-1 7A,  and  835-9B  were  synthesised  by  Stanford 
Research  Inatitute  (SRI),  These  compounds  were  part  of  a  larger 
group  of  compounds  sent  to  USDA  Gainesville  Laboratories  for  clod 
tests.  These  eight  compounds  selected  from  the  larger  group  had  greater 
duration  on  cloth  tests  than  did  m-deet.  Approximate  lethal  doae 
determination  and  rabbit  eye  and  akin  irritancy  tests  were  conducted 
on  these  compounds  by  SRI.  Based  on  these  tests,  one  compound  (835-27Q) 
was  held  back  from  consideration  for  volunteer  tests  pending  additional 
Information  derived  from  Its  homologs. 

Based  on  the  hairless  dog  tests  for  duration,  compound  165-67 
provided  the  longest  duration  time  among  the  group  of  8  single  repel¬ 
lents,  albeit,  shorter  than  m>deet;  however,  165-67  provided  greater 
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duration  than  m-deet  (**  Hava  vs  f»  dnvs)  in  I’FDA  cloth  tests  and  prcnter 
duration  than  r  deet  on  the  rouse  test  performed  hy  Mr.  Rutledre,  De¬ 
partment  of  Trooical  Medicine.  T-ATR.  Apnin,  based  on  the  hairless  dop 
<luration  test,  compound  R3S-23A  was  the  noorest  performer  and  provided 
shorter  duration  than  r-dcct  in  the  rouse  test  for  duration  (Department 
of  Tropical  Medicine):  however.  ^ 3*>- 2 had  a  duration  of  3n  davs  on 
the  i'SDA  cloth  test  (m-Heet  a  A)  and  provided  lower  median  effective 
doses  ap.atnst  Ae_dcs  aecvpt  1  .  Ctilex  pinions t  Anopheles  alhiraanus.  and 
Anopheles  Stephens!  mosrultnes  In  tests  conducted  hy  Mr.  Rutledpe. 

Since  these  compounds  represent  two  distinct  structural  classes 
and  have  exhibited  performance  superior  to  m- deet  in  at  least  one 
type  of  screcninp  procedure,  it  was  decided  to  advance  these  two 
compounds  for  human  testinp.  An  Ames  test  for  mutAgenicity  was  performed 
onnllof  the  H  compounds  (under  the  direction  of  Dr.  Steven  Taylor, 
Department  of  Nutrition,  I.AIP),  All  of  the  compounds  (  including  m-deet) 
were  nepative  in  this  test,  l-arper  nuantitics  of  the  compounds,  835-23A 
and  U>5-*7.  arc  bcinp  synthesited  for  additional  mammalian  toxicity 
tests  (ID^fl,  rat:  subacute  feedinp,  rat;  and  pulnca  nip  sensitisation 
tests)  before  volunteer  testinp  is  considered, 

•Repellent  formulation  testinp  on  the  hairless  dop. 

The  pool  of  the  repellent  formulation  endeavors  conducted  ur.dcr  this 
work  unit  is  to  incorporate  toxicolopical 1 v  acceptable  additives  with 
established  insect  repellents  to  improve  their  performance-  that  is, 
reduce  penetration  into  the  sHn  limit  excessive  evaporation,  improve 
vatrr  wash  resistance,  improve  user  or  cosmetic  acceptability  etc. 

The  formulations  whose  test  results  arsinst  moscuitoes  are  presented 
helow  incorporate  additives  (various  tvnes  of  CAP 80S FT  and  silicone 
polvm.crs,  mainlv)  which  have  heen  found  useful  in  waterproof inp 
various  topical  preparations. 

With  the  development  of  the  apparatus  described  in  Study  flo.  2, 

Work  t'nlt  Dff,  for  the  measurement  of  repellent  evaporation  and  pene¬ 
tration  from  excised  skin,  in  vitro,  as  well  as  from  in  vitro  procedures 
under  development  to  evaluate  the  dry! nr  time,  film  thickness,  film 
hardness  (flexibility),  and  resistance  to  water  wash  off  of  formulations, 
the  rational  elimination  of  unacceptable  formulations  can  be  accomplished 
in  the  future  before  time-consuminp.  animal  and  human  testinp  is  done. 

•  Testinp  of  CAP.ROFFT  formulations  on  the  hairless  dop  against  Aedes 
negvpt_i  mosouitoos. 

Six  different  formulations  of  m-deet  in  combination  with  various 
CARROSET  polymers  (C-52f,  C-525.  C-SIA,  and  C-315)  at  repellent  dosage 
levels  of  0.5  and  D.3?  mp./c»  were  tested  on  the  hairless  dop  model 
for  duration  of  protection  against  Aedes  aepypti  mosnuitoes.  Kone  of 
the  rARRnSFT-tvpe  formulations  with  m-deet  decreased  the  duration  of 
m-deet.  One  formulation  (CAP.Rf>eFT  515),  based  on  the  results  of  two 
separate  tests,  showed  lonper  duration  than  other  types  of  formulations 


«nd  unformulated  m-daet.  Testa  war*  conducted  on  a-deet/CARBOSST- 
typ*  formulations  for  a  preliminary  assessment  of  eosmatlc  properties* 
Component  ratios  of  CAR  BOS  ET  526  to  deet  (maintaining  the  dose  of  re¬ 
pellent  at  0.32  mg/c*r)  higher  than  1:1  crack  and  peel  from  the  surface* 
and  are  likely  to  he  cosmetically  unacceptable  to  humans, 

•  Testing  of  silicone  formulations  on  the  hairless  dog  against 
Aedes  aegyptl  mosquitoes. 

Eleven  different  formulations  of  w-deet.  p-deet,  and  ethyl hexanedlol 
In  combination  with  various  silicone  polymers  (KDX  4-4142,  OE-I-3593A, 

Dow  Corning  200  fluid,  350  cs  and  1000  cs)  at  repellent  dosage  levels  of 
0.5  and  0.32  «g/c*z  ware  tested  on  the  hairless  dog  model  for  durstion 
protection  against  Asdss  aegyptl  mosquitoes.  None  of  thee*  formulations 
lncrsssed  the  protection  time  of  the  repellents;  however,  the  silicon* 
formulations  may  provlds  increased  trash  raslstance  of  tht  repellent, 
a  factor  to  be  addrasaad  in  79. 

*  Miscellaneous  formulations. 

Six  different  formulations  of  the  repellents  a -deer,  ethylhexandodlol, 
and  SRI -A  in  combination  with  a  latex  and  a  fluorocarbon  formulation 
at  a  repellent  dosage  level  of  0,32  mg/cm2  vere  tested  for  a  duration 
of  protection  on  the  hairless  dog.  The  latex  formulations  had  unaccept¬ 
ably  long  drying  times.  None  of  the  above  formulations  provided  im¬ 
provement  over  unformulated  m-deet  with  regard  to  duration  for  protection. 

CONCLUSIONS 

1.  On  the  basis  of  animal  and  in  vitro  repellency  tests  conducted 

by  the  Departments  of  Tropical  Medicine  and  Dermatology  Research*  US  DA 
cloth  testa*  and  esterglng  toxicity  tests*  two  candidate  repellents  are 
being  advanced  for  human  testing. 

2.  A  variety  of  CARB0SET  end  silicon*  polymer  formulations  of  m~dt*t 
and  other  insect  repellents  were  tested  for  duration  on  the  hairless 
dog.  With  the  possible  exception  of  the  m-deet/CARBOSET  515  formulation* 
all  formulations  provided  duration  protection  equal  to  or  less  than 
unformulated  m-deet. 

RICCTftEBDATIOMS 

1.  Mammalian  toxicity  testa  for  compounds  165-67  and  835-23A  should 
proceed  to  allow  volunteer  testing, 

2.  Development  of  in  vitro  screening  methodology  for  formulations* 

so  that  cosmetically  unaccaptabla  formulations  can  be  aliminatod  marly 
in  tha  tasting  sequence,  should  ha  accomplished. 

3.  The  hairiest  dog  la  a  useful  anur-l  sHe!  for  screening  the  repellent 
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repellent  efflcacv  of  formulation*  fol loving  suitable  in  vitro 
screening  procedures. 

PVBU CATIONS 

None 
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3.  (u)  Non#  of  th«  4Xlitd  in  World  War  II  correctly  Anticipated  eh#  large 

mount  of  disability  caused  by  skin  diseases.  20  y«ars  later,  in  Vietnam,  extremely 
high  rates  of  disability  due  to  skin  diseases  fecund  command  attention  to  dermatologi¬ 
cal  problasu.  The  probability  for  high  rater  of  disability  due  to  skin  disease  is  just 
as  high  today  as  than,  because  the  basic  problems  undo  riving  combat  related  skin  distaste 
have  not  been  solved,  nor  are  they  studied  by  University  researchers. 

It  is  the  purpose  of  this  work  unit  to  use  biochemical ,  biophysical  and  other 
appropriate  methods  to  develop  effective  preventive  measurer  to  reduce  skin  disease  in 
soldiers  under  esmbet  conditions. 

24.  (U)  The  project  will  focus  on  surface  aspects  of  skin  dis esses.  Efforts  will  be 
tsada  (1)  to  develop  or  improve  biochemical  and  biophysical  nethods,  (2)  to  apply  the 
method*  to  the  study  of  bacterial  and/or  fungal  infection  and  to  causes  of  casualties 
such  as  trench  foot  or  miliaria  (which,  by  thsnsnlves,  may  not  be  incapacitating,  but 
may  be  predisposing  to  Infections  and  other  skin  diseases),  and  (3)  to  apply  the  evolved 
techniques  to  influence  the  retention  and/or  sfficacy  of  Insect  repellents. 

25.  (U)  77  10  -  78  09.  Work  on  the  biological  activity  of  skin  lipids  in  relation  to 

fungal  disease  continued.  At.  electronic  cell  counting  technique  was  perfected  and 
antifungal  agents  such  as  elcor.ssole,  and  skin,  lipid  undecy ionic  acid  were  tested. 

odium  choloride  and  urea  at  cenctnerations  comparable  to  those  on  the  skin  surface  were 
.ound  to  inhibit  growth  of  Trtehovhyion  ntniaprephyteo.  Epidemiological  aspects  o. 
fungal  disease  in  relation  to  potential  military’  dermatological  problems  in  Europe  and 
other  countries  were  studied  and  it  is  suggested  that  the  dernatcpat.hogenicity  c:  a 
lumber  of  fungi  should  be  studied.  For  administrative  reasons,  this  work  unit  has  been 

incorporated  within  Work  Unit  No.  006. 
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Military  Skin  Diaeesae 

Biochemical  Studies  on  Prevention 
and  Control  of  Skin  Dlaaaaa  in 
Military  Paraonnal 


The  following  Investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO. 


EX- 2 


EX- 3 


EX-4 


STUDY  NO.  3 


STUDY  NO.  4 


Biological  activity  of  human  skin  lipids  In  relation 
to  fungal  disease 

Inhibition  of  Trichophyton  wentaprophytes  by 
chloride  ions.  An  ancillary  finding 
relevant  to  skin  infections  in  Vietnam 

Influence  of  urea  on  the  growth  of  Trlchophyten 
aentagrophytea 

Application  of  the  alectronic  cell  counting 
method  to  the  testing  of  antifungal  agents  and 
skin  lipids 

Dermatological  problems  of  the  soldier  during 
World  War  II  as  documented  in  confiscated  Carman 
dociracnts 

Epidemiological  aspects  of  fungal  disease  in 
relation  to  potential  military  dermatological  prob 
lems  in  Europe  and  other  countries 


STUDY  NO.  1,  EX-2  Sodium  chloride  at  concentrations  likely  to  ba 
found  on  the  skin  completely  inhibits  Trichophyton  wentagrophytea. 

STUDY  NO.  1,  EX-3  Urea  within  tha  range  of  concentrations  likely 
to  ba  found  on  the  akin  either  can  stimulate  or  completely  Inhibit 
growth  of  Trichophyton  mentagrophytas. 

STUDY  NO.  1,  EX-4  Conditions  to  recognise  artifacts  and  to  count 
and  sire  spores  of  Trichophyton  mentagrophyte*  have  bean  worked 
out.  The  new  method  has  been  applied  to  a  detailed  study  of  tha 
kinetics  of  growth  of  control  cultures  and  cultures  in  tha  presence 
of  miconarole,  griaeofulvin,  undtcylenlc  acid  and  skin  lipid. 

STUDY  150.  3  Confiscated  documents  (a  total  of  9,672  pages)  from  tha 
"German  Oberkomando  dar  Vehmacht"  from  World  War  II  ware  scanned  for  rel¬ 
evant  Information  on  such  topics  aa  dermatology,  Chemical  carfare* 
and  repellents  to  akin  inweeta.  Over  500  pages  have  bean  identified 
for  further  evaluation. 
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STUDY  NO.  4  A  soophllic  variety  of  Trichophyton  mentagrophytea,  a 
strain  not  ordinarily  Isolated  in  the  United  States,  cauaed  epidemic 
inflammatory  dermatosis  in  Vietnam.  It  is  likely  that  some  of  the 
fungal  pathogens  now  Isolated  in  Eastern  and  Central  Europe  may  cause 
significant  problems  in  troops  in  a  potential  future  conflict. 

It  is  recommended  that  lessons  learned  in  Study  No.  3  and  Study 
No.  4  be  used  to  design  and  test  preventive  strategies  for  the 
benefit  of  combat  troops. 
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STUDY  NO.  1 


gy-2 


r.onY  nr  pjtopt 

Biochemical  Studies  on  Preven¬ 
tion  «ud  Control  of  Skin  Msease 
in  ’Mlitary  Personnel 

Biological  actlvitv  of  human 
nHn  lipids  in  relation  to  fun- 
pal  disease 

Inhibition  of  Tr<chophvton  rents- 
pronhytes  hy  chloride  ions.  An 
interentinp.  sncillarv  finding 
relevant  to  shin  infections  in 
Vietnam. 


pboblic: 

In  preliminary  studies  in  f*Y  77,  two  different  media  were  used  to 
grow  Trichophyton  mentaprophytes.  It  was  noted  thnt  significant 
amounts  of  acid,  in  particular,  hydrochloric,  were  needed  to  adjust 
the  pH  of  the  medium  to  6.5.  Tie  data  suggested  that  chloride  ions 
might  Inhibit  germination  of  spores  or  development  of  hvphae. 

If  thas  inhibition  of  fungal  growth  due  to  chloride  could  be  substan¬ 
tiated,  an  explanation  for  a  puxslinp  and  costly  problem  which  occurred 
during  the  Vietnam  war,  might  be  found.  That  is,  in  1967  and  1968, 
combaQ  commanders  reported  a  large  number  of  men  unavailable  for 
duty  after  they  had  spent  extensive  periods  of  time  fighting,  in  Inundated 
areas.  It  was  noted  that  a  marked  difference  in  the  prevalence 
and  saver lty  of  cutaneous  infections  existed  between  corbat  and 
suppoct  troops.  The  problem  vas  partially  corrected,  but  not  prevented, 
by  isaulng  regulation  40-29,  which  reads  in  part: 

’Trevantive  measure:  Limiting  the  duration  of  operation  in  watery 
terrain.  The  tactical  situation  permitting,  a  48  hr  llrit  should  be 
placed  on  operations  involving  continuous  exposure  to  water.  If  this 
Is  not  possible,  casualties  from  fungus  infection  may  be  disabled  for 
2  or  more  days  after  a  flve-dav  operation." 

These  continued  observations  lend  to  the  testing  of  the  hypothesis 
that  dhlorlde  concentrations  on  the  skin  surface  are  not  sufficiently 
high  to  inhibit  dermatophytes  to  r,rm*. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  hypothesis  that  chlorides  inhibit  growth  of  dermatophytes  was 
tested  in  vitro.  Spores  of  went atrophy tea .  deposited  on  tha 
surface  of  purified  egar  containing  mainly  bacteriological  peptones 
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and  0.5  mg/ml  sodium  chloride,  produce  well-defined  colonics.  With 
increasing  concentrations  of  sodium  chloride,  fever  end  fewer  colon¬ 
ies  were  formed.  At  7,5  mg /ml  e  significant  reduction  in  the  num¬ 
ber  of  colonies,  as  well  as  a  reduction  in  the  diameter  of  indiv¬ 
idual  colonies  was  observed.  Above  24  mg/ml,  no  colonies  were 
formed,  even  after  extended  periods  of  time.  The  chloride  effect 
was  reproducible. 

Under  conditions  of  profuse  sweating,  the  sodlun  chloride  concentra¬ 
tion  ranges  from  2  mg/ml  to  6  ng/ml.  However,  due  to  evaporation  of 
water,  the  concentration  at  the  skin  surface  should  be  considerably 
higher.  It  is,  thus,  quite  likely  that  the  sodium  chloride  concen¬ 
tration  on  the  skin  surface  of  support  troops  in  Vietnam  was  high 
enough  to  prevent  dermatophytosls.  The  concentration  on  the  skin 
surface  of  combat  troops  was  obviously  low  because  of  constant  contact 
with  water  over  large  areas  of  the  body. 

CONCLUSIONS 

Sodium  chloride  in  low  concentrations  (0.752)  partially  inhibits, 
in  higher  concentrations  (2.5*)  completely  inhibits,  T.  mentagrophytes. 
This  observation  may  explain,  in  part,  the  relative  low  incidence 
of  dermatophytosls  in  support  troops  and  the  high  incidence 
of  dermatophytosls  in  combat  troops  in  Vietnam. 


The  in  vitro  finding  that  rather  low  concentrations  of  sodium 
chloride  are  able  to  inhibit  £1  mentagrophytes  should  be  tested 
in  a  suitable  animal,  such  as  a  mini-pig. 

PUBLICATIONS 


Influence  of  urea  on  the 
growth  of  Trichophyton 
mentaerophvtes 


TROBISH 

Severity  of  dermatophytosls  in  combat  troops  in  Vietnam  was  associated 
with  prolonged  exposure  of  the  skin  of  soldiers  to  water.  It  was 
suggested  that  heat  and  humidity  were  not  the  only  Important 
environmental  factors  contributing  to  the  epidemic.  The  reasons 
for  the  epidemic  have  not  been  explained  satisfactorily,  however. 

It  is  expected  that  extensive  exposure  of  skin  to  water  would  result 
in  removal  of  water  soluble  compounds  such  as  urea  from  the  skin. 
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It  has  been  shown  that  skin  urea  is  norr'ally  deposited  in  substantial 
amounts  on  t!ie  skin  surface,  even  without  sweat  secretion,  and  the 
antimicrobial  properties  of  urea  have  been  known  for  centuries. 

It  has  also  been  shown  in  this  laboratory  that  lipids  extracted 
from  feet  of  patients  with  fungal  disease  contain  statistically 
significantly  lover  quantities  of  urea. 

It  was  therefore  hypothesized  that  urea  deposited  on  the  skin  surface 
ray  be  a  controlling  factor  in  derr.itophyte  infections.  In  vitro 
testing  of  this  hypothesis  may  shed  some  light  on  control  of  fungal 
disease . 

PXSl’I.TS  AND  DTSCbSSIPy  OF  PvESfl.TS 

Spores  of  Trichophyton  mentapronhvtes  denosited  on  the  surface  of 
purified  agar  containing  mainly  bacteriological  peotones  produced 
well-defined  colonies  at  30  C.  No  inhibition  of  the  formation  of 
visible  colonies  was  observed  when  urea  was  added  to  the  medium  at 
a  concentration  of  10  r.g/rl.  At  20  ng/ml  a  delay  of  2  davs  in  the 
onset  of  growth  was  observed.  This  delav  increased  to  6  days  at 
30  mg/nl.  At  50  mg/rl  or  higher,  no  colonies  wore  observed  even 
after  40  days.  Urea  thus  produces  an  inhibitory  effect  on  growth 
of  spores  of  T_.  mcntngronhvtes  which  in  some  way  can  be  overcome 
by  spores  provided  the  concentration  is  not  .cry  high.  It  Is 
known  that  many,  hut  not  all,  strains  of  T_.  mentagrophytes  give  a 
urease  positive  test, i.c.  that  they  hydrollze  urea.  In  contrast, 
ro3t  strains  of  T_.  rubrum  arc  usually  urease  negative,  /t  this 
time  it  is  not  known  if  the  strain  of  T.  mentagrophytes  which 
was  used  in  these  experiments,  and  which  was  isolated  in  Vietnam, 
was  urease  positive.  It  is  also  not  known  If  and  at  which 
concentration,  atrains  of  rubrum  are  inhibited  l>v  urea.  A  direct 
comparison  of  the  urea  concentration  (mg/rl)  in  agar  medium 
with  Che  surface  concentration  (rng/crw)  on  the  skin  cannot  be 
rade;  nevertheless,  model  calculations  aupgest  that  urea  concen¬ 
trations  which  were  inhibitory  in  the  in  vitro  assay  are  compar¬ 
able  to  those  observed  in  skin  lipids  of  volunteers. 

COMCLtJSim 

This  In  vitro  study  deronsfrates  conclusively  that  urea  at 
relatively  lot.*  concentrations  can  Inhibit  growth  of  a  Vietnam 
strain  of  Trichophyton  mentagrophytes.  It  i*t  thus,  quite 
reasonable  to  postulate  that  arall  molecular  weight  molecules 
from  sweat  glands,  sebaceous  glands,  or  the  epidermis  ray  have 
a  significant  controlling  effect  on  the  growth  of  dertnatophytes 
on  the  skin.  These  in  vitro  observations  may  further  explain 
the  epidemic  outbreak  of  T.  mentagrophytes  Infections  In  combat, 
but  not  In  support  troops  In  Vietnam. 
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KECOrgfoNPATIONS 

1.  In  view  of  the  low  toxicity  of  uraa,  the  role  of  this  agent 
in  ttie  control  of  the  growth  of  demetophytes  should  be  further 
explored. 

2.  In  vitro  tests  should  be  extended  to  other  dermatophytes 
which  are  significant  pathogens  in  Europe,  the  Near  East  and, 
perhaps,  Africa. 

3.  Model  experiment*  on  mini-pigs  should  be  initiated  to 
confirm  in  vitro  experiments. 

4.  Coevercial  products,  such  as  "Aouacarc/HP"  the  skin  lotion  nude 
bv  Herbert,  should  be  tested  as  inexnenaive  nontoxic  preventive 
agents  against  dermatophyte  infections. 

PUBLICATIONS 

None 

EX-4  Application  of  the  electronic 

cell  counting  method  to  the 
testing  of  antifungal  agents 
and  skin  lipids 

PEOBLEt: 

The  activity  of  antinlcotics  currently  in  use  is  limited  agelnst 
a  well-defined  group  of  dermatophytes,  While  several  compounds, 
such  as  undecylenic  acid,  have  been  used  topically,  only  grlseofulvln 
can  be  administered  orally  at  present.  Although  grlseofulvln  was 
used  prophylactically  in  Vietnam,  it  was  later  found  that  it  may  do 
no  more  than  delay  the  outbreak  of  a  fungal  Infection,  that  fungi  are 
able  to  detoxify  the  medication,  and  furthermore  that  yeast  Infection 
cannot  be  controlled  by  grlseofulvln. 

Evaluation  of  more  effective  and  safe  antifungal  agents  to  treat 
formulation  of  better  prophylactic  measures,  and  more  rapid  evaluation 
of  susceptibility  testing  of  fungi  are  still  important  objectives  In 
military  medical  research. 

RESULTS  AND  DISCUSS TPM  OF  RESULTS 

Prellr inary  results  of  the  shake  culture  nethod,  which  stakes  use  of 
the  Coulter  Counter  ZB,  Channellser,  and  Teletype  system  were 
reported  in  FY  77.  Several  additional  experiments  were  required  to 
clarify  a  number  of  questions.  Por  example,  signal  amplification 
had  to  be  studied  so  it  could  be  optimised  end  so  that  contaminating 
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particles  and  bacteria  (if  present)  are  not  interfering  vith  spore 
counts  and  alee  distribution  measurements. 

The  influence  of  particle  density  on  count  and  sice  distribution 
was  also  evaluated.  It  vas  shown  that  above  a  count  rate  of  25,000, 
size  distributions  become  distorted,  presumably  due  to  formation  of 
agregstes.  reproducibility  vas  chechcd;  it  is  excellent.  Multiple 
r easurenents  over  extended  periods  of  tine  in  samples  where  growth 
vns  inhibited  indicated  that  size  distributions  vere  stable  and 
highly  reproducible. 

In  earlier  experiments,  spore  preparations  vere  made  vith  0.91; 
sodium  chloride  solutions.  Subsequently,  it  van  shown  that  sodium 
chloride  inhibits  the  formation  of  colonies  of  Trichophyton  menta- 
grophy tes .  Kor  this  reason,  an  experiment  was  done  in  which  part 
of  a  culture  was  dispersed  in  Tveen  80  and  the  other  part  in 
0,92  UaCl.  The  results  indicate  that  there  i.*  no  significant 
difference  betv*een  the  tvo  spore  preparations,  that  development  of 
hyphae  is  similar,  and  that  chnnpes  in  size  distribution  vith  tire 
are  similar. 


f tuples  vith  Control  Cultures 

Phase  contrast  photomicroprarhv  revealed  that  an  extensive  network 
of  hyphae  was  produced  over  a  period  of  24  hours,  Muring  this 
period  growing  spores  utilized  the  arinoaclc’s  from  peptones.  As 
a  result,  the  pi!  of  the  medium  increased  alovc  8.  As  spores 
germinated  and  increased  in  size  beyond  the  upper  threshold  setting, 
they  were  no  longer  counted.  As  a  result,  spore  counts  decreased  exponen¬ 
tially  with  a  half  life  of  ahout  lOh.  Tarly  events  of  germin¬ 
ation  vere  seen  in  a  50*  increase  in  size  of  the  larger  sporec 
over  a  period  of  about  7  h.  Thereafter,  alze  distributions  shift 
towards  smaller  sizes. 


Visual  observations  of  liquid  shake  cultures  Indicated  that  after 
24  h  some  spores  ^cre  enlarged*  and  that  s'rws  had  germinated  and 
formed  short  hyphae.  The  changes  in  size  distribution  over  the 
period  of  24  h  vere  small  and  amounted  to  about  15*  for  the 
larger  spores.  Since  the  culture  medium  contains  no  antibiotics, 
multiple  sampling,  in  the  presence  of  priseofulvin  occasionally 
resulted  In  overgrowth  with  bacteria.  This  could  be  easily  detect¬ 
ed  by  a  large  Increase  in  counts  and  a  concomitant  shift 
in  the  size  distribution  towards  smaller  particles. 

Studies  vith  Uadacyienlc  acid 

Visual  observation  of  liquid  shake  cultures  after  24  and  50  h 
indicated  no  growth  of  mycelln  in  the  ucdecylealc  acid  treated 


cultures.  Phase  contrast  microscopy  indicated  that  no  spores  had' 
germinated,  and  that  no  hyphne  could  he  obnerved.  Over  a  period 
of  24  h  the  ptl  of  undecylenlc  acid  treated  cultures  decreased 
by  over  1  unit  and  became  acid.  Size  distributions  Indicated  that 
larger  spores  decreased  exponentially.  The  decrease  was  of  the 
order  of  40%  In  the  first  10  h. 

Sttyiles  with  Skin  lipids 

A  detailed  kinetic  analysis  of  counts  and  size  distributions 
suggests  the  fol loving: 

Overall,  the  percentage  of  spores  that  produce  hyphae  and  the 
speed  at  which  they  are  produced  arc  approximately  the  same  for 
skin  lipid  trerted  and  control  cultures. 

•  It  appears  that  skin  lipids  decrease  the  time  necessarv  for 
growth  of  spores  before  hyphae  begin  to  grow;  this  observation 
suggests  thet  germination  is  facilitated  by  the  skin  lipids.  Thiln 
could  he  due  to  the  lipids  acting  on  nutrients. 

•The  rate  of  growth  of  hynhne  appears  significantly  lover  for 
skin  lipid  treated  cultures  than  for  control  cultures;  this 
observation  suggests  that  skin  linids  inhibit  hyphal  growth. 

Studies  with  miconazole 

Phase  contrast  photomicrography  revealed  that  miconazole  stops  the 
formfa^ion  of  hyphae.  Duration  inhibition  is  long;  no  evidence  for 
germination  could  be  found.  During  incubation,  spores  In  the  presence 
of  miconazole  produced  acidic  metabolites.  Tills  resulted  In  lowering 
of  tire  pi;  in  contrast  to  control  cultures,  where  the  pH  always  in- 
cr«a»ed.  Although  larger  spores  in  the  presence  of  miconazole  did  not 
form  hyphae,  they  increase  by  80%  over  a  period  of  approximately  28  h. 
Ho  bacterial  overgrowth  in  the  presence  of  miconazole  van  ever  detected. 

CPKCUIS I01IS 

i distribution  studies  on  sperms  of  Trichophyton  rnentagrophytss 
can  lie  used  effectively  to  monitor  germination  and  formulation 
of  hyphae.  The  time  required  for  such  studies  appears  consid¬ 
erably  shorter  than  conventional  assays,  such  as  those  used 
for  drug  susceptibility  testing.  The  method  is  applicable  to 
study  inhibitors  during  the  early  phases  of  dei'elopnent  of  spores 
of  dermatophytes  and  possibly  for  yeasts.  It  can  effectively 
replace  more  time-consuming  methods,  such  as  the  usual  turbldinetric 
methods. 
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BECO?ttfENDAT£ONS 


The  Coulter  counter  method  should  be  used  to  evaluate  the  efficacy 
of  neV  antifungal  agents.  It  should  be  used  to  detect  inhibitors 
and  growth  promoting  agents  which  have  been  suggested  in  skin  lipids. 
It  should  be  used  in  susceotibilitv  testing  of  fungi  (prevalent  in 
potential  war  theater*)  to  currently  available  and  newer  more 
effective  antifungal  agents. 

PUBLICATIONS 

None 

STUDY  NO.  3  Dermatological  problems  of 

the  soldier  during  World  Var 
II  as  documented  in  confis¬ 
cated  German  docussents 

rnoBLp; 

American  records  of  militarily  relevant  dermatological  problems 
during  World  War  II  are  rather  sketchy.  As  reported  in  FT  1977, 
preliminary  screening  of  confiscated  German  documents  of  the 
Oberkoenando  der  WeUrmncht  identified  9  microfilms.  These  films 
were  purchased  in  FY  78  from  the  National  Archives  in  Washington 
D.C,  for  the  purpose  of  analysing  German  documentation  from  World 
War  XI  with  regard  to  relevance  of  potential  dermatological  problfcr* 
of  tha  t’.S.  soldier;  and,  possibly,  for  providing  a  basis  for  planning 
dermatological  counter  measures  in  order  to  maintain  c  healthy  force 
structure  in  Central  Europe.  The  study  is  done  in  two  phases.  In  the 
first  phase,  reported  here,,  the  wicroflln*  are  sennned  for  relevant 
dermatological  Information  of  W.w.  II  documents. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  scanning  the  confiscated  Gorman  var  documents,  It  became 
obvious  that  the  nicrofi lifts  were  films  ot  everything  as  it  would 
be  found  in  a  file  cabinet.  For  this  reason,  each  film  had 
to  be  scanned  in  it*  entirety;  unimportant  material  was  mixed  In  with 
highly  relevant  document*.  Consequently  more  time  was  requtred  then 
expected.  Scanning  of  the  film*  involved  assessment  of  relevance 
of  9,672  pages*  From  these  pages,  563  were  printed  and  identified 
for  further  evaluation.  Moat  of  the  material  is  in  the  form  of  abort, 
typed  memoranda,  reports,  etc.  The  contents  give  a  tremendous  amount 
of  insight  into  the  medical  aspects  of  conducting  war  in  Russia, 

North  Africa,  Eastern  Europe,  North  Africa,  and  Western  Europe. 

Secret  documents  of  a  more  general  nature  relating  to  medical 
statistics  and  tactics,  regulations  on  treatment  of  diseases  at 
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various  levels,  i.e.,  company  aldmen  or  physicians  at  the  division 
level,  as  well  as  ''rp.snlzatlonal  documents  of  the  medical  corps 
were  identified.  Extensive  files  were  sutlntained  by  the  Herman 
HQ  on  foreign  intelligence  with  regards  to  military  medicine; 
for  instance,  a  Herman  translation  of  a  Russian  document  on  chemical 
warfare  agents  was  found.  A  total  of  156  pages  were  identified  which 
deal  with  specific  dermatological  and  venerological  topics.  Much  of 
that  material  is  in  the  form  of  reports  by  consultants  who  dealt  with 
dermatological  and  venereal  disease  problems.  One  hundred  twenty- 
seven  pages  were  identified  which  relate  to  "chemical  warfare" 
decontamination  measures  and  regulations.  Many  documents  relate  to 
Infectious  disease  and  63  pages  were  identified  which,  in  one  form 
or  other,  relate  to  mission  reouirements  of  the  Department  of  Dermato¬ 
logy  and  Tropical  Medicine.  Sixty-nine  pages  relate  to  "repellents" 
and  measures  related  to  the  prevention  of  epidemics  due  to  Sarcoptes 
Scabei.  mosquitoes,  Rickettsiae,  and  other  disease  organisms  that 
vary  in  different  countries. 

CONCLUSIONS 

five  hundred  and  sixty-three  selected  pages  of  confiscated  doc¬ 
uments  from  the  HQ  of  the  Herman  Army  constitute  a  valuable  aourca 
of  information  for  identifying  potential  medical  problems  for  US 
Army  forces  in  the  European  and  Mediterranean  theater. 

RF-COHIEHDATlCttS 

Evaluation  of  identified  Herman  War  documents  should  begin  in  Phase 
II  of  thic  Study  Protocol. 

PUBLICATTOKS 

None 

STOTT  NO.  4  Epidemiological  aspects  of 

fungal  disease  in  relation 
to  potential  military- 
dermatological  problems  In 
Europe  and  other  countries 

PROBLEM 

Inadequate  documentation  of  the  etiological  agents  that  cause 
skin  disease  due  to  fungi  makes  it  almost  impossible  to  estimate 
man-days  lost  in  U.S.  troops  during  peace-time  and  mekee  it 
equally  difficult  to  predict  risks  in  potential  future  conflicts 
in  Europe  or  other  theaters. 
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1‘ill  Trichophyton  ncntar.rophvtos,  which  caused  rvt  }or  cut?  reaks  of 
skin  disease  in  Vietnam,  le  a  proHer  for  IT  troops  in  Europe,  or 
other  geographical  areas,  in  a  potential  conflict?  nil  other 
ctiolop.lcal  apents,  such  as  Trichophyton  violaceun  he  a  proMer 
with  li.S.  troops,  since  it  is  known  to  have  a  relatively  veil 
defined  peop,raphic  area  in  Eastern  Furore  and  the  E^SR? 

Infomation  on  the  occurrence  and  prevalence  of  many  shin  pathopens 
in  foreign  countries  is  sketchy  in  the  American  redico-nycolopical 
literature,  and  it  appears  that  the  foreipn  literature  has  not 
been  evaluated  at  all.  Tt  also  appears  that  no  analysis  of  the 
type  and  frequency  of  skin  pathopens  in  eastern  Europe  and  other 
countries  has  been  made  in  recent  years.  A r,  a  result,  the  potential 
inpact  of  these  skin  pathopens  on  I’.S.  soldiers  Is  largely  unknown. 

For  this  reason^,  a  thoroup,h  revlev  and  analysis  of  the  foreign 
literature  is  important.  The  review  and  analysis  is  also  necessary 
in  order  to  select  and  te«t  never  antifunpal  ap.cnts  so  that  thev 
can  be  made  available  to  military  physicians  and  company  eidren, 
and  to  design  and  test  up-to-date  and  effective  counter  measures 
and  prophylactic  strateples  for  E.f.  troons. 

RESULTS  AMT)  DlSCUSPTny  _0F  FCSIT.T5 

An  extensive  review*  of  reports  published  in  the  German  iouroal  ''’fykeaen' 
was  made  on  epidemiological  studies  in  Eastern  Europe,  Western 
Europe,  the  *tiddle  East,  and  Africa.  It  was  learned  that  throughout  , 
Central  and  Eastern  Europe  extensive  chanpes  in  the  tyre  of  funpal 
pathogens  have  occurred  ovev  the  past  25  years.  In  particular,  it 
was  found  tost  much  more  virulent  ctrsins  of  Trichophyton  rub rum 
have  replaced  more  benign  strains  of  Th  rngntarrophyte* .  Extensive 
surveys  by  the  East  German  nomrtission  on  experimental  rvcology 
reveal  that  Tj_  vubrur  increased  from  59. 7.7,  in  the  period  1935  to  1966 
to  73.91  In  the  {-erlcd  of  1967  to  1971.  During  the  sere  tine  interval 
T.  oeptagrophytert  decreases  from  26,2%  to  19.7?.  It  appears  that  in 
moat  European  countries  the  frequency  of  rubrur  is  nor  above  70?. 

A  Cerr.<tn  military  study  revealed  that  26.5?  of  soldiers  suffered 
from  dermatophyte  infections  attacking  ralnly  the  foot  and  proin. 

So  similar  study  exists  for  I’.f.  troopr  in  Europe,  and  thus,  fifures 
car,  only  be  corpared  with  a  recent  E.F.  study  indicating  derratophyto 
prevalence  of  87.7  per  1090  male  persons.  Other  studies  fror  last 
Germany  aad  Poland  suggest  that  the  freraenev  of  7\  vcruce^itr ,  T. 
viol actum,  T.  tousurana  and  E^  1 loccosum  cap  be  sipnff Jcaat  depenoinp 
on  the  peographic  rep ion,  A 1 though  7h  Soudanese  is  ouite  corron  in 
Nigeria,  Cameroon*,  and  ot>r  countries  of  lest  and  Fast  Africa 
(Somalia)  it  is  also  found  occasionally  in  Eastern  Furore.  It  has 
not  caused  any  epidemics  as  of  to  date.  audoulnil,  which  w«* 
identified  to  60.4“  cf  dermatophyte  infections  in  Cf*:n  during 
for  14  5’ar  II  ,  hod  declined  to  0.94%  in  the  period  of  195f.-!'>68. 

It  K.*y ,  however,  not  be  safe  to  conclude  thrt  dermatophytes  which 
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are  now  rare  In  European  populations  may  not  pose  a  significant 
potential  risk  to  U.S.  troops. 

Yeast  infections  due  to  Candid.*  albicans  appear  to  have  increased 
in  number  and  in  severity  in  many  parts  of  the  world.  A  myco logical 
study  on  Polish  railroad  workers  indicates  a  36.87.  infection  rate 
with  yeasts  (mainly  Candida)  against  12.57  with  dermatophytes. 

A  random  sample  of  patients  attending  an  outpatient  clinic  in  Fpypt 
were  tested  for  maceration  of  toe  webs.  Yeasts  of  the  p.enus  Candida 
were  Isolated  from  6 41  and  only  4.61  had  dermatophytes.  The  fact? 
that  Candida  constituted  the  major  causative  agent  explained  the 
disappointing  result  with  grlscofulvin  therapy. 

CONCLUSIONS 

bliereos  a  xoophilic  variety  of  Trichophyton  Pontarrophytest  a  strain 
not  ordinarily  isolated  in  the  United  States,  caused  epidemic 
inflammatory  dermatophy tosis  among  U.S.  combat  forces  in  Vietnam, 
the  review  of  available  literature  of  Pastern  Europe,  ’Mddle  Hast, 
and  Africa  suggests  that  other  fungal  pathogens  may  cause  significant 
potential  problems  to  t'.S.  combat  forces.  Potential  problems  due.  to 
these  pathogens  have  not  been  assessed,  and  the  virulence  and 
infectivity  of  these  pathogens  have  not  been  studied.  *?cver 
medications,  available  at  present  or  in  various  stages  of  devel¬ 
opment,  have  not  been  tested  as  to  their  efficacy  vfs-h-vis 
these  pathogens. 

PrCOfTTKHDATIPKS 

A  review  of  the  literature  on  new*  antifungal  agents  should  be 
made  with  particular  emphasis  on  pathogens  that  may  be  a 
real  or  potential  threat  to  the  combat  effectiveness  of  t'.S. 
soldiers  in  Europe,  the  Middle  Fast  and  Africa. 
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PUBLICATIONS 

None 
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.  ^*e  objective#  «re  to  determine  the  type  end  frequency  o(  potentially  dltabllm 

n  diseases  anong  soldiers  in  variouc  environments,  to  conduct  trials  of  petrtntial  pre¬ 
ventive  and  therapeutic  agents  against  the  co»on  disabling  dermatoses  that  Afflict  *111- 
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4  p)v*'  centers,  determine  prevel.nci  of  contact  sensitivities  to  esterlalr  thit  aav 

nIw<1t^Sn^t*^fder!?tU1',  ln  *oldler";  ^°velop  and  test  performance  characteristic  of 
new  tcchn.qves  for  diagnosing  skin  disease*  in  the  field. 

j5'  (C)  7  7  10  -  7fi  00,  A»,;yfi,  v*#  coapleted  ano  e  technical  report  -prepared  for  datj 

t0  dermatological  centers  at  Fitzsimmons,  Letter-man.  Brooke  and 
*  d  Ansv  ^“>e  **  19?3r  1974  w<l  1976.  Patch  testa  to  determine 

U  ^eonycin,  henzocaine,  nickel  and  ethy lenediatin*  were  pzrfotmed  on  1158 

paid  adult  volunteers  fro.  a  general  population  and  the  data  have  been  amplmZly  ana- 
ivied.  J 
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ABSTRACT 


PROJECT  NO.  3M762782A81C 


VOP.X  UNIT  NO.  006 


Military  Skin  Disease 
Skin  Diseases  Among  Soldiers 


The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Skin  diseases  among  soldiers 

STUDY  NO.  10  Contact  sensitivity  to  nickel,  neomycin,  ethylene- 
diamine,  and  benzocaine  in  a  general  peculation: 
relationships  between  age,  sex,  history  of  exposure, 
and  reactivity  to  standard  patch  test 

STUDY  NO.  1  A  3-year  survey  of  all  outpatient  visit  diagnoses  «t 
the  4  Army  dermatological  centers  was  completed,  the  diseases  tabulated, 
and  the  50  most  common  diagnoses  have  been  stratified  as  to  the  hospi¬ 
tal,  and  the  patients  as  to  age,  race,  sex,  and  military  status?  A 
technical  report  containing  the  data  is  in  its  third  draft.  When  pub¬ 
lished,  readers  can  ascertain  what  is  contained  in  the  computer  data 
base  and  can  order  sp -<  .al  analyses.  Except  for  miliaria  and  water 
Immersion  foot  syndromes,  soldiers  in  peacetime  suffer  the  12  most 
common  diseases  as  do  soldiers  in  combat. 

STUDY  NO.  10  The  prevalence  of  contact  sensitivity  to  benxocaine. 
ethylenodlamine,  neomycin,  and  nickel  was  determined  in  a  general 
population  of  1158  adults.  The  prevalence  and  95X  confidence  limits  of 
of  positive  patch  tests  were  for  nickel  5.3X  (women,  7. OX  to  11. 4X; 
men  0.24X  to  2.2X),  neomycin  1.1X  (0.55X  to  1.8X),  ethylenediamine 
0.43X  (0.13X  to  IX),  and  benzocaine  0.17X  (0.02X  to  0.64X).  Except  for 
nickel,  patch  teat  reactivity  was  unaffected  by  age,  sex,  race,  or 
occupation.  These  four  substances  pose  no  significant  threat  toward 
producing  contact  dermatitis  in  soldiers. 
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BODY  OF  REPORT 

WOkK  UNIT  NO.  006  Skin  Diseases  Among  Soldiers 

STUDY  NO.  I  Skin  diseases  among  soldiers 

PROBLEM 

Ninety-five  percent  of  dermatological  patients  are  treated  as  out¬ 
patients,  which  is  the  American  tradition  of  trying  not  to  hospitalize 
patients  with  skin  diseases.  The  Army  efficiently  collects  elaborate 
data  on  diagnosis,  treatment,  and  disposition  on  hospitalised  patients, 
but  little  demographic  data  are  saved  on  outpatients.  Little  data  are 
available  in  the  literature  on  the  skin  diseases  on  the  soldiers,  on 
the  incidence,  morbidity,  disposition,  and  frequency  of  dermatological 
diagnoses  in  the  military  dermatology  clinics.  A  computer  supported 
dermatological  outpatient  data  system  was  implemented  to  provide  the 
physician  rad  the  cdminlr.trator  with  information  concerning  the  (1) 
outpatient  load,  (2)  diagnostic  and  therapeutic  problems  encountered, 

(3)  need  for  varying  types  of  supporting  personnel,  (4)  medical  equip¬ 
ment  and  drug  requirements,  and  (5)  disposition  of  patients.  All  out¬ 
patients  attending  the  dermatology  clinics  at  Brooke,  Fitzsimmons, 
Letterman,  am)  Walter  Reed  Army  Medical  Centers  completed  an  outpatient 
survey  card  for  each  visit  and  entered  demographic  information;  the 
physician  entered  the  diagnosis,  Initial  or  return  visit,  body  area 
involved,  special  procedures,  and  an  estimate  of  the  time  lost  from  duty 
because  of  the  visit  and  the  disease.  Data  were  collected  for  FY  1973, 
1974,  and  1976.  All  cards  were  returned  to  LAIR  where  they  were  coded, 
key  punched,  and  entered  into  a  computer.  Information  was  retrieved 
at  monthly,  quarterly,  and  yearly  Intervals.  A  compilation  for  the  3 
fiscal  years  has  been  made  of  the  frequency  distribution  of  all  diag¬ 
noses  by  initial  and  return  visits,  and  by  active  duty  and  other  per¬ 
sonnel.  The  54  -^oat  frequent  diagnoses  have  been  stratified  by  diag¬ 
nosis,  hospital,  age  groups,  race,  sox,  initial  visits,  and  military 
status  (active  duty,  retired,  and  dependents). 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  survey  revealed  146,395  initial  visits,  197,550  total  visits, 
and  SI, 155  return  visits.  5ince  dermatologists  arc  often  kidded 
about  never  getting  their  p<atients  wall,  the  low  number  of  return 
visits  was  checked  by  two  independent  methods,  and  so  it  is  reasonably 
accurate:  82. 9t,  one  visit,  II. 61,  two  visits,  5. IT,  three  to  six 
visits,  and  0.4X,  seven  or  more  visits.  Compliance  for  filling 
out  cards  on  each  outpatient  was  97X,  Of  firat  visits,  active  duty 
personnel  accounted  for  16, V.  retired  military  personnel  24. 4X, 
and  dependents  of  military  personnel  58. 8X,  Age  grouping  revealed 
the  following;  1  day-2  years,  2.3X;  2-11  year*,  5.4X;  12-17  years, 

1JX;  18-30  years,  ?,9.3i;  31-45  years,  14. 5X;  46-60  years,  20. 4X;  and 
over  6i  years,  15X.  Hales  totaled  47.lt;  females,  52. 9X;  blacks,  10. 4X; 
whites,  83. 5X;  orientals  2.51;  and  other  races,  3.5X. 
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The  table  lists  the  frequency  of  the  SO  nost  common  diseases  for 
all  patients.  The  10  most  frequent  diagnoses  among  active  duty 
military  personnel  in  a  temperate  zone  during  peacetime  are  as  follows: 
acne  vulgaris  (13.8%),  warts  (8.5%),  pseudofolliculitis  of  the  beard 
(5.3%),  dermatophi lie  fungal  infections  (4.8%),  allergic  contact  derma¬ 
titis  (4.1%),  seborrheic  dermatitis  (3.9%),  no  diagnosis  made  at 
time  of  visit  (2.9%),  nevi  (moles)  (2.7%),  venereal  diseases  (2.7%), 
and  dermatitis  of  unknown  etiology  (2.6%).  The  Army's  experience  in 
World  War  II  and  Vietnam  revealed  dermatophytosis ,  pyoderma,  miliaria, 
immersion  foot  syndromes,  allergic  contact  dermatitis,  insect  infesta¬ 
tions  and  bites,  warts,  and  over-treatment  dermatitis  to  be  the  common 
causes  for  large  man-day  losses  among  combat  and  support  troops. 

In  those  wars,  common  causes  for  hospitalization  included  pyoderma, 
infected  eczematoid  dermatitis,  acute  dermatitis,  cystic  acne,  celluli¬ 
tis,  and  urticiula.  So  there  is  considerable  overlap  among  common 
skin  diseases  seen  in  soldiers  in  peacetime  and  wartime.  Miliaria 
and  immersion  foot  syndrome  occur  in  restricted  geographical  areas. 
Fortunately,  better  topical  and  systemic  medicaments  and  trained 
dermatologists  have  almost  eliminated  over-treatment  dermatitis  as 
a  cause  oi  morbidity.  The  soldier  lost  an  average  of  2.2  h  for  each 
outpatient  visit,  from  leaving  his  unit  to  leaving  the  medical  facility. 

CONCLUSIONS 


A  3-year  proportional  rate  survey  of  all  dermatology  outpatient  visit 
diagnoses  at  4  Army  dermatological  training  centers  has  been  completed 
and  the  data  tabulated.  Data  on  the  54  most  frequent  skin  diseases 
have  been  stratified  as  to  age,  race,  sex,  hospital,  and  military 
status.  A  technical  report  presenting  the  data  is  in  its  third  draft. 
These  data  will  be  most  helpful  for  planning,  teaching,  and  management’ 
purposes  for  the  military,  federal  agencies,  and  civilian  groups, 
since  much  of  the  information  is  not  presently  available. 

RECOMMENDATIONS 


When  the  technical  report  is  finished  and  published,  readers  will 
become  acquainted  with  what  is  in  the  data  base,  and  analyses  can  be 
made  according  to  their  wants  and  needs.  Two  training  centers  have 
published  two  articles  already  from  the  data.  Selected  findings 
from  the  technical  report  will  be  published  in  the  medical  literature. 
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TABLE 


INITIAL  VISITS  ALL  PATIENTS  N«  129,275 


RANK  DIAGNOSIS 

NUMBER 

2 

1' 

Acne  vulgaris 

19,573 

15.1 

«»  • 

Verruca  vulgaris 

9,119 

7.1 

3. 

Actinic  keratoses 

7,019 

5.4 

4. 

Seborrheic  keratoses 

5,015 

3.9 

5. 

Seborrheic  dermatitis 

4,995 

3.9 

6. 

Allergic  contact  dennatltis 

4,741 

3.7 

7. 

Nevi  (soles) 

4,250 

3.3 

8. 

Dermatitis,  unknown  etiology 

4,107 

3.2 

9. 

Basal  cell  carcinoma 

3,942 

3.0 

10. 

No  diagnosis  made 

3,529 

2.7 

11. 

Atopic  dermatitis 

3,529 

2.7 

12. 

Asteatosis 

3,013 

2.1 

13. 

Psoriasis  (all) 

2,690 

2.1 

14. 

Pyoderma  (staph/strep) 

2,326 

1.8 

15. 

Tinea  pedis 

1,854 

1 .4 

16. 

Dyshidrosis 

1 ,848 

1.4 

17. 

Cysts,  epidermal,  sebaceous 

1,768 

1.4 

18. 

Pseudofolliculitis  barbae 

1,762 

1.4 

19. 

Tinea,  other 

1,695 

1.3 

20. 

Lichen  simplex  chronicus 

1,618 

1.3 

21. 

Primary  irritant  contact  dematitiu 

1,568 

1.2 

22. 

Herpes  simplex,  all 

1,449 

1.1 

23. 

Venereal  diseases,  ail 

1,372 

1.1 

24. 

Skintag,  acrochordon 

1,233 

1.0 

25. 

Plantar  warts 

1,170 

0.9 

26. 

Acne  roseacea 

1,160 

0.9 

27. 

Urticaria,  all 

1,138 

0.9 

28. 

Tinea  veraicolor 

1,116 

0.9 

29. 

Pityriasis,  rosea 

1,051 

0  .8 

30. 

Precanierous  skin  lesions 

893 

0.8 

31. 

Nummular  eczema 

840 

0.6 

.32. 

Tinea  cruris 

695 

0.5 

33. 

Insect  bites 

672 

0.5 

34. 

Venereal  warts 

652 

0.5 

35. 

Skin  car.cer,  other 

617 

0.5 

36. 

Herpes  zoster 

595 

0.5 

37. 

Den*atof  ibroma 

565 

0.5 

38. 

Alopecia  areata 

538 

0.4 

39. 

Scabies 

530 

0.4 

40. 

Candidiasis 

549 

0.4 
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TABLE  concluded 


RANK 

DIAGNOSIS 

NUMBER 

2 

41. 

Alopecia,  unknown  etiology 

480 

0.4 

42. 

Periorbital  dermatitis 

480 

0.4 

43. 

Pruritus 

451 

0.3 

44. 

Lichen  planus 

404 

0.3 

45. 

Pityriasis  alba 

384 

0.3 

46. 

Squamous  cell  carcinoma 

370 

0.3 

47. 

Drug  eruption 

360 

0.3 

48. 

Keloid 

348 

0.3 

49. 

Discoid  lupus  erythema 

320 

0.2 

50. 

Vitiligo 

308 

0.2 

PUBLICATIONS 


None 

STUDY  NO.  10  Cont^c  sensitivity  to  nickel, 

neomycin,  ethylenediamine ,  and 
benzocaine  in  a  general  popu¬ 
lation:  relationships  between 
age,  sex,  history  of  exposure, 
and  reactivity  to  standard 
patch  test 

PROBLEM 

A  recent  report  on  the  epidemiology  of  contact  dermatitis  has  been 
widely  quoted  and  misinterpreted  by  many  physicians  and  some  persons 
in  regulatory  agencies.  Some  have  assumed  that  a  certain  percent  of 
the  American  adult  population  arc  allergic  to  nickel  (112),  ethyl¬ 
enediamine  (72),  neomycin  (62),  and  benzocaine  (52). 

Soldiers  may  come  in  contact  with  all  four  of  these  common  antigens. 
Neomycin  seems  to  reduce  the  infection  rate  of  minor  skin  injuries  and 
is  widely  used  and  accepted  by  military  physicians.  Impetigo  and 
pyoderma  are  common  military  medical  problems  for  which  neasiycin  is 
used.  Pretreatment  with  neomycin  appears  to  prevent  the  development 
of  miliaria  rubra.  Miliaria  and  post-miliarial  hypohidrosis  are 
well -documented  comion  causes  of  military  disability.  Dog  tags  and 
their  chains,  stainless  steel  watch  bands,  and  the  snaps  on  boxer 
shorts  contain  nickel.  Ethylenediamine  is  used  as  a  preservative  in 
some  widely  used  topical  antimicrobial  formulations.  Over  70  tons  of 
benzocaine  are  used  each  year  in  the  U.  S.  as  a  topical  or  taucosal 
anesthetic.  This  study  was  designed  to  determine  the  true  prevalence 
of  neomycin,  nickel,  ethylenediamine,  and  benzocaine  sensitivity  in 
a  general  population. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 

The  data  have  been  completely  analyzed  from  1158  paid  adult  volunteers 

from  a  general  population  who  were  patch  tested  in  the  currently 

standard  manner  to  20X  neomycin  sulfate,  5Z  benzocaine,  2.5Z  nickel 

sulfate,  and  IX  e thy lenedi amine.  The  patch  test  (AL  test)  was 

removed  at  48  h  and  the  sites  were  read  at  5  days.  The  prevalence  of 

the  positive  reactions  and  95Z  confidence  limits  of  these  positive 

patch  tests  were  for  nickel  5.8X  (0.24X  to  11. 4X);  neomycin  ,  1.1%  ' 

(0.55X  to  1.8X);  ethylenediamine ,  0.43X  (0.13X  to  IX);  and  benzocaine, 

0.17X  (0.20X  to  0.64X).  Nine  percent  of  women  (7. OX  to  11. 4%)  were 
!  allergic  to  nickel  compared  to  0.9X  of  men  (0.24X  to  2.2X).  Nickel 

j  sensitivity  has  a  strong  correlation  with  a  history  of  pierced  ears, 

earlobe  rash,  and  jewelry  rash.  Ten  of  12  neomycin  positive  subjects 
had  used  neomycin  for  one  week  or  longer  on  an  inflammatory  dermatosis 
as  compared  with  6  of  36  age,  race,  and  sex  match  controls.  This  was 
highly  significant  (P<0.001)  and  yielded  a  relative  risk  of  13. 
i 

By  history,  85X  had  been  exposed  to  benzocaine,  48Z  to  neomycin,  and 
‘  15X  had  used  Mycolog  cream.  All  had  been  exposed  to  nickel.  No 

;  definite  age  related  patterns  of  exposure  or  patch  test  reactivity 

I  were  found.  Women  had  higher  rates  of  exposure  by  history  than  men 

for  all  antigens  tested.  Only  nickel  showed  a  striking  difference 
by  sex.  Age  and  sex  adjusted  rates  of  patch  test  reactivity  for  those 
employed  by  a  medical  institution  (466  subjects)  differed  little  from 
those  with  a  non-medical  occupation  (692  subjects).  For  each 
contactant,  subjects  with  a  positive  history  of  exposure  had  higher 
rates  of  patch  test  reactivity  than  those  with  a  negative  history. 

With  respect  to  neomycin  sensitivity  7  of  8  subjects  with  strorg 
positive  neomycin  patch  tests  had  positive  use-tests  when  neosporln 
cream  or  ointment  was  applied.  However,  only  2  of  4  subjects  with  a 
weakly  positive  neomycin  patch  test  had  a  positive  use-test.  The 
reactions  by  and  large  were  mild  in  the  use  tests.  TWenty-one 
applications  of  neosporln  G  cream  or  neoaporin  ointment  over  7  days 
;  produced  isolated  pruritic  papules.  Neosporln  ointment  produced  less  j 

I  Intense  confluent  dermatitis  than  neosporln  G  cream.  j 


Day  5  is  the  best  time  to  read  patch  tests,  at  least  with  these  4 
antigens;  l.e.,  significant  positive  tests  on  day  5  had  far  more 
clinical  relevance  than  those  on  day  2.  Weak  positive  tests  on  the 
second  day  may  become  negative  by  day  5.  We  reclassified  the  old 
criteria  of  positive  vs  negative  tests.  We  determined  that  a  weak 
positive  reaction  has  an  induration  of  less  than  75Z  of  the  patch 
test  site  and  a  strong  positive  has  an  Induration  of  greater  than  75X 
of  the  patch  test  site. 

When  more  than  one  test  is  positive  on  a  given  individual,  each  test 
should  be  repeated  on  separate  occasions.  A  strong  positive  reaction 
can  greatly  Influence  the  outcome  of  a  weaker  or  false-positive  test. 
Spurious  false-positive  reactions  may -result  from  this  phenomenon, 
known  as  the  "angry-back”  response. 
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CONCLUSIONS 


This  is  the  first  epidemiologic  study  done  where  patch  tests  were 
performed  in  a  large  group  of  volunteers  in  a  general  population. 
Important  findings  in  this  study  show  that  the  prevalence  of  neomycin 
sensitivity  in  a  general  population  is  approximately  IX,  far  lower 
than  the  6X  figure  reported  from  a  selected  patient  population  with 
contact  dermatitis.  When  subjected  to  a  use-test  with  drugs  con¬ 
taining  neomycin,  3  of  12  subjects  allergic  to  neomycin  applied  the 
antibiotic  21  times  in  7  days  without  any  reaction.  The  other  9 
subjects  suffered  a  minimal  dermatitis  from  repeated  use  with  no 
severe  reactions.  We  conclude  that  topical  formulations  containing 
neomycin,  when  used  for  minor  bums  and  Injuries,  pose  a  small  risk 
tf  the  consumer.  Superficial  bacterial  Infections  are  common  among 
soldiers,  and  topical  antibiotics  containing  neomycin  are  frequently 
used.  Benzocaine  and  ethylenediamine  products  would  appear 
to  cause  little,  if  any,  risk  to  the  soldier.  Nickel  seems  to  have 
little  military  significance  although  it  is  impossible  not  to  come 
in  contact  with  nickel  daily,  since  nickel  is  present  in  at  least 
trace  quantities  in  almost  all  metals.  Benzocaine,  ethylenediamine, 
neomycin,  and  nickel  pose  no  significant  threat  for  producing  epidemics 
of  allergic  contact  dermatitis  in  soldiers. 

RECOMMENDATIONS 

None 
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23.  (U)  On#  objective  la  to  study  bacterial  skin  infections  (pyoderma  disease  that 
can  occur  in  epidemic  proportions  ssiong  combat  personnel)  with  the  use  of  aniaal  model* 
in  an  effort  to  develop  prophylactic  aeasures  against  pyoderma  vh.'ch  are  presently  not 
available.  The  role  of  normal  cutaneous  flora  in  host  resistance  against  microbes 
causing  epidemic  skin  infections  in  soldiers  will  be  investigated. 

24.  (0)  bacteria  isolated  from  active  lesions  will  be  used  in  the#*  srudies.  Aniaal 
models  will  be  developed  to  determine  the  pathogenesis,  prevention,  and  prophylaxis  of 
pyoderma.  By  identifying  and  quantitating  normal  cutaneous  microorganisms  on  healthy 
and  Infected  skin  of  soldiers,  topical  bacterioprophy lactic  measures  will  be  developed 
to  augment  natural  resistance. 

25.  (U)  77  10  -  78  09.  In  support  of  Insect  repellent  studies,  the  normal  flora  cf 

human  skin  has  been  <me mined.  Experimental  skin  infections  in  hamsters  and  fuina# 
pigs  have  b**n  produced,  ammeters  are  more  susceptible  thar  guinea  pig*  t.o  intradermally 

jinjected  Croup-A-beta-hemolytic  streptococci  or  Staphylooeezu*  owm-ue.  The  effect  of 
j=dnor  trauma  simulating  that  exptrienced  by  combat  soldiers  on  StaphyloooetM  aiovue  or 
JSroup-A-beca-hemolytic  strsptococei  infection  has  been  determined  on  hamture.  A  study 
in  conjunction  with  the  Academy  of  Dermatology  to  determine  the  frequency,  description, 
{and  causative  agents  of  pyoderma  lesions  has  bean  undertaken.  The  antibiotic#  effects 
a  cerr:atophyte  on  micrococci  growing  on  porcine  skin  we*  studied  by  using  scanning 
*-«???on  “icroscopy . .  Survival  mi  interaction  with  normal  flora  of  four  strains  of 
.  .-?K-tr.ifarrr-e  were  monitored  on  the  forearms  of  hu**n  volunteers.  This  reaaarch 

oerferaed  under  this  work  unit  hat  proved  to  be  of  limited  value.  Therefore,  the  work 
.alt  nas  been  terminated  and  the  resources  transferred  to  projects  with  more  immediate 
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WOPX  UNIT  HO,  010  "icrobial  Interactions 

on  Healthy  and  Infected 
SI  ins  of  Soldiers 

The  following  investigations  have  b«en  conducted  under  this 
work  unit: 

STUDY  NO.  1  Sampling  of  microorganisms  fro r.  akin 

STUDY  150.  2  Microbial  ecology  of  bscterionronhy lasts 

and  bacterlotherapy 

*TUDY  NO.  3  dnimsl  models  for  studyinr  the.  pathogenic 
mechanisms  of  bacterial  pyodermas 

STUDY  NO.  1  because  of  the  lack  of  statistical  aprtcment 
between  bacterial  counts  found  on  the  "sane  repion,"  a  sampling 
experiment  was  devised  to  determine  whether  or  not  microorpanlsrs 
inhabiting  the  volar  forearr  were  evcnlv  distributed,  our 
findlnps  indicated  that  on  the  volunteer  vc  campled  the  meso- 
philic  aerobic  microorfanisrs  were  not  evenlv  distributed. 

Thus,  bacterial  counts  obtained  from  one  repion  of  the  skin 
cannot  be  used  reliably  to  predict  the  number  of  bacteria 
on  an  adjacent  akin  site. 

The  mechanical  linear  sampler,  a  manual  method  (Oil lianaon  and 
KllpRen), and  the  tlmed-cotton-Rvab  rethod  were  compared  by 
uainp  aerobic  plate  counts  to  determine  which  was  most  reliable 
for  ranovlnp.  a  known  concentration  of  bacteria  from  guinea 
pig  skin.  The  manual  method  won  most  reliable,  while  the 
timed- cotton-avab  proved  to  be  the  least  reliable  of  the  three. 

STUDY  NO.  2  The  aurvival  on  skin  of  a  bacitracin-negative 
mutant  of  Bacillus  llchenlformls  10716  and  Its  interactions  with 
normal  flora  ware  studied,  The  aurvival  curve  from  pooled  data 
va*  atatisticelly  similar  to  that  of  the  parent  strain,  although 
strong  variation  va?  observed  among  Individual  volunteers. 

Normal  flora  remained  assent  idly  unchanged  during  the  colon¬ 
isation  period. 

Scanning  electron  microscopy  was  used  to  search  for  local  or 
limited  synthesis  of  antibiotics  by  a  attain  of  Trichophyton 
sentagrophyte*.  Micrococcus  luteus  displayed  mo7pholof.lcal 
alterations  on  skin  cultures  with  the  funpua. 


140 


STUDY  NO.  3  To  study  the  effectiveness  of  therapeutic  and 
prophylactic  agents  against  bacterial  pvcderma*,  we  have 
developed  a  reproducible  method  for  producing  bacterial  skin 
infections  in  hamsters  and  guinea  pigs.  By  injecting  10* 
colony-forming-units/0.1  ml  of  either  coagulase  positive 
Staphylococcus  aureus  or  Oroup-A-bet*-hemolytic  streptococci 
intradenrally  into  the  clipped  backs  of  hamaecrs  and  immediately 
occluding  the  site  for  48  h  (23.3  C  and  PH  48T) ,  pustules  are 
produced.  Occlusion  alone  does  not  enhance  lesion  production  in  the 
guinea  pig.  Although  either  coagulase  positive  Staphylococcus  aureus 
or  Gtoup-A-beta-hemolytic  streptococci  can  induce  pustule  formation 
in  twisters,  gulnaa  pig  akin  is  more  sensitive  to  Staphylococcus 
infection  than  to  Croup-A-beta-henolytic  streptococcal  infection. 

This  animal  model  will  be  used  to  determine  the  pathogenesis , 
prevention,  prophylaxis  and  therapy  of  pyoderma. 
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BODY  or  REPORT 


Microbial  Interaction* 
on  Healthy  and  Infected 
Skin  of  Soldiers 

Sampling,  of  microorpantsrs 
from  hunan  shin 


Contagious  skin  infections  need  to  be  monitored  in  nflitary  personnel 


|  in  otder  to  prevent  spreading  the  disease  organisms.  Causative  agents 

I  of  bacterial  skin  infection  reside  on  the  si  in  along  with  many 

I  other  microorganisms  which  arc  not  pathogenic.  Because  the 

|  sample  is  no  better  than  the  sampling  rethod,  we  have  aearched 

is'  continually  for  wavs  of  improving  our  snrnlin*’  nethods. 

''any  of  the  methods  used  to  sarple  microorganisms  found  on 
skin  fail  to  produce  reliable  results.  '*any  papers  have  been 
published  which  describe  a  variety  of  sampling  techniques; 
however,  few  of  those  investigations  have  adequately  evaluated 
the  s.os t  used  sampling  procedure,  swabbing.  In  addition  to 
evaluating  the  sampling  nethods  utilized  in  our  laboratory, 

I  we  have  investigated  the  bacterial  flora  on  one  volunteer  to 

I  determine  if  we  can  expect  to  obtain  statistically  similar 

I  bacterial  counts  fror  adjacent  skin  sites  located  on  the  volar 

I  forearr. 


I  :,-r-ri~iT5  and  niscfsrtrh  or  feselts 

|  Our  data,  and  that  of  other  laboratories,  hove  reported  on  the 

g  wide  spectrum  of  microurpanisrs  inhabiting  the  stratum  corneun. 


although  the  species  and  numbers  of  microorganisr s  on  various  anatomic 
slues,  e.p.,  forearm,  have  been  reported  in  numerous  publications, 
there  is  little  agreement  among  bacterial  counts  made  on  the  same 
person  on  the  same  day.  To  study  this  problem,  the  volar  forearm 
was  delineated  into  three  regions,  wrist,  mid-foream  and  the  ante- 
cubital  fossa  area.  Fach  site  was  assayed  for  bacteria  on  the  same 
day  at  the  same  tine  over  a  128-dsv  period.  Examination  of  the 
data  bv  the  5'rysbal-t’allis  test  and  bv  the  Chi  Snuare  "Goodness  of 
fit'-  test  led  to  the  rejection  of  the  null  hyoothesis  that  the  bacterial 
counts  were  statlsticallv  the  same  in  a  suono*edlv  similar  region, 
the  volar  forearr.  Pur  f ladings  that  bacteria  inhabiting  the  skin 
>.:cre  not  evenly  distributed  on  the  volunteer's  forearr  we  sampled 
suggest  that  bacterial  counts  obtained  from  one  region  on  the  skin 
cannot  be  used  to  predict  rclially  the  number  of  bacteria  found  in  an 
adjacent  area. 
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have  been  standardized.  Since  ve  have  sampled  »l; i n  for  bacteria 
using  various  methods  and  devices,  and  because  none  of  the 

procedures  have  been  adequately  tested,  ve  compared  the  ^ 

mechanical  linear  samrler  (a  device  developed  at  k/IP),  a  manual  ; 

method  (Klignan  and  Villlamsan) ,  and  the  timed-cotton-siftb 
for  quantitatively  removing  bacteria  from  guinea  pip  sMn. 

To  make  our  comparisons,  hi«ot.-n  concentrations  of  micrococcus  ■ 

lute»s  or  Staphylococcus  cpidermldts  mere  placed  on  the  clipped 
backs  of  guinea  pips.  After  the  inoculum  ins  spread  by  pipette 

tip  and  alloved  to  dry,  each  method  vns  tested  at  random.  The  ; 

recotery  fluids  were  measured  and  analyzed  for  the  number  of  '■ 

bacteria  present.  The  most  reliable  rerhod.  based  on  the  mean 

coloay-forrinp-units ,  vns  the  manual  method.  Timed-cotton-svab  ! 

nrodeced  the  greatest  amount  of  variation.  Although  the  stat¬ 
istical  analysis  of  the  data  is  not  complete,  it  is  accurate  > 

to  conclude  that  timcd-cotton-svab  rethod  cannot  provide 

reliable  ouantitative  bacterial  counts.  * 

{ 

cnixivticvr.  | 


bacterial  counts  obtained  fron  one  sHn  site  are  not  reliable 
for  frediettny.  the  number  of  bacteria  on  an  adjacent  skin  site. 

Of  methods  used  to  remove  surface  bacteria  from  guinea  pip.  skin, 
the  ranu.il  rethod  (I'll Hanson  and  Kligaaa)  was  the  Most  reliable 
and  the  ticed-cotton-svab  the  least  reliable. 

prcoffcrnATiotis 

Information  pained  from  thin  study  should  be  used  to  determine 
effects  of  topical  insect  repellents  and  antimicrobial  agents  on 
Che  bacterial  flora  of  norral  skin. 
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PROBLEM 


Among  the  novel  ecologlc  approaches  for  the  prevention  and 
treatment  of  bacterial  and  fungal  disease*  of  the  shin  of 
soldier*  1*  altering  the  Indigenous  microbial  flora  to  Include 
strains  which  are  especially  antagonistic  to  common  pathogenic 
agents.  Such  a  modification  of  normal  flora  has  yielded  gener¬ 
ally  poor  results  in  the  past,  but  this  was  largely  due  to  an 
unsophisticated  understanding  of  ecology,  and  to  the  use  of 
Improperly  selected  test  strains  of  bacteria.  In  vitro  results 
ray  out  necessarily  relata  to  the  specific  environmental  con¬ 
ditions  in  situ  on  stratum  corneum.  The  production  and  effects 
of  antibiotics  and  other  competitive  agents  in  the  cutaneous 
habitat  la  particularly  in  need  of  investigation. 

Previous  experiments  suggested  that  the  in  situ  production  of 
bacitracin  by  Bacillus  lichanlformls  ATCC  10716  may  be  important 
to  its  survival  among  competing  flora.  Different  strains  of  the 
same  species  not  known  to  synthesise  antibiotics  survived  poorly 
in  comparison  with  ATCC  10716,  Because  strain  variation  might 
have  been  responsible  for  these  results,  a  nltroaoguanldinc- 
derlved  bacitracin-negative  mutant  of  ATC  10716  vns  attained  to 
serve  as  a  more  appropriate  control  for  the  study  of  survival  and 
Interactions  of  bacilli.  Tha  production  by  dermatophytes  of 
antibiotics  (penicillin,  streptomycin,  and  azalomycln)  Is 
dependent  on  specie*  and  strain  and  on  culture  conditions.  The 
low  sensitivity  of  agar  diffusion  biological  assays  might  have 
been  responsible  for  the  frequent  failure  to  observe  antibiotic 
synthesis  on  stratum  corneum  culture,  although  the  dermatophytes 
tested  were  abundant  producers  in  broth.  Because  local  or 
limited  production  of  antibiotics  may  still  be  Important  In 
dermatophytosis ,  the  Interactions  of  a  dermatophyte  and  micrococci 
growing  In  vitro  on  stratum  corneum  were  examined  by  scanning 
electron  nlcroscrpy. 

RESULTS  AND  DISCUSS I (W  OF  RESULTS 

Spores  of  the  bacitracin-negative  mutant  of  B^  llchenlformia 
ATCC  10716  were  applied  to  the  forearms  of  the  same  set  of  11 
volunteers  who  had  participated  in  earlier  studies.  General 
results  conformed  to  those  obtained  from  the  previous  three 
strains  of  the  bacillus.  Ho  statistically  significant  differences 
in  aurvivel,  measured  by  population  and  duration,  were  found  between 
ATCC  10716  and  ita  mutant.  However,  the  mutant  tended  to  be 
eliminated  at  a  faatar  rate,  and  strong  variation  in  bacillus 
survival  was  notad  among  volunteers.  Population  densities  of 
normal  akin  flora  war*  unaltered.  In  contrast  to  the  effects  of 
ATCC  10716,  no  changes  in  carrlsge,  composition,  and  bacitracin- 
sensitivity  of  resident,  flora  were  detected.  Micrococcus 
lute vs ,  whose  growth  trae  inhibited  on  agar  media  by  penicillin 
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nnd  by  Trichophyton  mcntagrophytes  vnr.  granulosum,  was  placed 
on  smell  squares  of  hydrsted  porcine  shin  kept  moist  In  their 
own  Individual  Petri  dishes.  Each  shin  sample  was  also  inoc¬ 
ulated  with  rslcroconidia  of  the  dermatonhvte,  and  at  dsilv 
intervals  samples  were  prepared  for  scanning  sle.ctron  microscopy. 
A  staphylococcus  resistant  to  penicillin  and  to  the  dcrmatophvte 
served  as  a  control  strain.  Only  the  nicrococcu*  in  presence 
of  the  fungus  displayed  morphological  alterations  of  flattened 
walls,  invagination,  enlargement,  and  collapse.  Penicillinase 
did  not  neutralize  these  effects.  Germinating  fungi  showed 
positive  tropisr  to  the  bacteria. 

CONCLUSIONS 


The  superior  survival  of  ATCC  10716  *ecn  with  earlier  grouped 
data  was  not  necessarily  due  to  its  synthesis  of  bacitracin  as 
a  competitive  factor  with  resident  flora  because  the  antibiotic- 
negative  mutant  survived  almost  as  well.  However,  among  indiv¬ 
iduals,  differences  in  survival  between  .'./CC  10716  and  the 
xutaGt  may  still  be  explained  by  antibiosis,  because,  in  some 
Instances,  antagonists  may  have  been  eliminated,  and  for  some 
subjects,  cooperstive  flora  may  have  been  suppressed. 

Effective,  but  United,  antibiosis  does  occur  on  stratum  coroeum. 
Morphological  alterations  of  susceptible  bacteria,  patterns  of 
dermatophyte  growth ,  and  regional  variation  of  skin  demonstrated 
the  profound  influence  of  oicrocnvironrent  on  antibiosis. 

RECOMW’MDATI  PCS 

Studies  of  bacillus  survival  on  different  areas  of  skin  should  be 
continued.  Use  of  the  animal  model  cf  pyoderma  for  prophvlactlc  and 
therapeutic  testing  of  bacilli  should  begin.  Scanning  electron  micros¬ 
copy  and  the  stratum  corneum-microbe  system  to  asssv  v?rmatophvte 
Inhibitory  agents  should  be  used. 
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STUDY  NO.  3 


Animal  models  for  studying 
the  nethofvenic  mechanisms 
of  !  acterial  pvodemas 


rroBy?i 

Pyodermas,  bacterial  skin  diseases,  can  occur  In  epidemic 
proportion  among  combat  personnel,  and  thereby  reduce  combat 
ef fecdvencss.  Under  the  ravages  of  oar,  the  exact  extent  of 
combat  nnn-days  lost  fron  pyodermas  can  not  be  predicted;  however,  ' 
In  o»c  survey,  18t  of  the  soldiers  fightlnr  in  the  paddles  in 
the  J'ekong  Delta  of  Yietnar  were  infected.  Since  there  is  no 
currently  acceptable  preventive  measure  against  the  strepto¬ 
coccal-staphylococcal  skin  diseases  observed  in  combat  soldiers, 
and  since  there  is  no  suitable  animal  model  on  which  these 
preventive  measures  can  be  tested,  we  have  developed  a  re¬ 
producible  bacterial  skin  infection  in  hamsters  and  guinea  pigs. 

DLf-t’VTS  AND  DirCt’SHON  OF  RESULTS 

Initially,  all  strains  of  fircup-  A-hcta-hemolvtic  Streptococci 
(f-A  fills)  and  Staphylococcus  aureus  (CDS A)  were  tested  In  hamsters 
and  futnea  pips  hv  Injecting  each  culture  *<nglv  Into  a  skin 
site.  Of  the  eight  strains  of  r'AHb'S  and  HTA  tented,  two 
strains  of  ^Afillf  and  one  strain  of  (TSA  were  chosen  for  further 
investigation. 

The  skin  reaction  In  guinea  pigs  infected  intradcmallv  with 
various  strains  of  D/fij'g  wan  sfrilar  In  most  Instances. 
Approximately  24  h  after  the  Infection,  a  larg.a  orvthenatous 
area  with  a  dark  colored  lesion  about  the  site  of  a  pencil 
head  was  presented  at  the  site  of  inlection.  In  contrast  to 
the  limited  local  Infection  caused  by  CA Ri'.f ,  cosgulase  positive 
Staphylococcus  aureus  produced  n  rcadilv  identifiable  lesion  which, 
on  removal  of  the  intact  roof  yielded  a  small  ouantitv  of  pvs. 

The*#  preliminary  data  suggested  that  guinea  pig  skin  was  more 
resistant  to  CAKlim  than  to  CTSA. 

On  testing  various  attains  of  OAEUS  in  hamsters,  v-c  found 
hafts Kv*  skin  more  sensitive  then  guinea  pig.  skin  to  lasion 
development.  At  low  cell  densities,  10^  -  1C^  colony- forming- 
units/0.1  ml,  lev  pustules  were  produced  in  hamster  skin.  To 
increase  the  sensitivity  of  hamster  skin,  the  intradcrmally 
inoculated  site  was  occluded  for  48  h.  Although  the  true 
function  of  occlusion  remains  to  be  determined,  it  appears  to 
decrease  water  loss  from  the  occluded  skin  ni te.  Uc  found  that 
48  h  of  occlusion  following  incr«derssl  iujoction  of  eitlmr 
CPSA  or  SABlfS  increased  the  marker  of  lesions  observed. 

In  s  subsequent  experiment,  wo  examined  the  effect  of  high  cell 
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density,  10  C1T/0.1  ml,  on  hamster  *kin  without  occlusion.  ::o 

differences  were  noted. 

To  rule  out  the  effects  of  the  spent  redta,  0,1  ml  of  r»r+ rune- 
filtered  media  was  Inoculated  intradcrrallv  into  h: mater  skin 
under  occlusion  and  without  occlusion,  "o  legions  resulted.  To 
determine  whether  or  not  the  lesions  produced  required  vinMc  cells, 
heat  killed  cells  were  inoculated  intraderr-al \v  into  hamster  skin  and 
occluded  for  48  h.  Ap.atn,  no  lesions  developed,  i 'ashed 
cells  produced  lesions  strllar  to  those  produced  bv  unwashed 
cells.  These  studies  demonstrated  that  viable  cells  ’‘ere  necessarv 
for  lesion  formation. 

The  results  presented  demonstrate  that  our  techoioue  Is  capable 
of  producing  pyoderma  in  hamster  skin.  These  bacterial  skin 
infections  are  reproducible.  The  significance  of  these  results 
is  twofold:  first,  this  animal  model  can  be  used  to 
evaluate  the  efficacv  of  new  and  current lv  used  antibacterial 
spent*  for  treatnent  of  pyoderra,  Second,  and  perhaps,  more 
Important,  selected  therapeutic  rorirons  can  be  tested  dircctlv 
with  this  model. 

conclusions 

A  method  for  producing  bacterial  pyoderma  in  the  hamsters  has 
been  developed.  This  method  erolovs  hiph  cell  densitv  of  either 
ccapula.se  positive  Staphylococcus  aureus  or  Croup- A-betn- 
hemolytic  streptococci  injected  intraderr.nllv,  followed  bv 
48  h  of  occlusion. 

ts.co?3g::DATTt>::s 

The  effects  of  humidity  ar.d  temperature  on  the  development  of 
bacterial  pyoderma  should  be  determined.  Selected  therapeutic 
and  prophylactic  measures  should  be  tested  for  effectiveness 
npainst  bacterial  pyoderma. 

PUBLICATIONS' 

1.  KEITH,  L* . A . ,  .lr.,  r.J.  S**IUAN1C,  and  l\i\  CJ.Ar'AN.  An 
occlusive  method  for  producing  pvoderra  in  laboratory 
animats.  Abstract .  American  Acadenv  of  Derratolof.y  Annual 
•'ectitip.  San  franc isco,  1978 


147 


a 


4 


^SCAKM  AND  TtOWOLOCt  «0M  MIT  SUUURT 


1  •**•  *««*  555*  U  «**5m555 ST 


21  10  01  D.  Change 

[•*  »o  iom>  - -  1 


i  (wnmiw 


>w<«m  ucn.; 

pilLLi 


&££%£&£  !g,,°,,<l  *"•«  <°»  M»t.t»  eg 


-p  -  ~  i 

i  NM  WIT  MMMMMI 

TTTT5 - ~ - ; 


•*■*  Lett*r«an  Arisy  Institute  of  Rasssrch 
**“*  Presidio  of  San  Francisco,  CA  94129 


[iVMUKI  NMtwCWAi 

i****’  Harehal  1 ,  J,  D.  ,  COt..  .  MS 
<415)  561-3600 


?'  .m 


Foreign  Intelligence  JJot  Applicable 

L.m ki_.«»  n«  ,S=aS‘  K> 


""**  i-etterean  Arny  Jnatituta  of  Research 
Division  of  Cutaneous  Hazards 
Presidio  of  San  Francisco,  CA  94129 


(U) 


J**»C*#M  »!***•••*««  ti 

*****  Hooper,  R.  S..,  CPT,  MSC 
'***-*•  {ili)  561-336* 

ItCwA'  »*  UC9»a *  m*M9 
**••<*• 

***»  Rutledge,  t.  c.,  DAC 

mra *?M)  rt 


s.n.  n,,  no:  (c,  <o> 

♦U—rfai  aa/«s«i^a9  ||  fr  WM  ■!»  ***?"?  iK.iA  ,  ■  „  _  _ 

I**  (U)  To  d«V4 loo  Jttprv/ved  innect  #"**VT ~**r*  ""  " 

co.b*t  effectiveness  m  unit,  exposed  to  vectorioroe  d^L-t^!-0  p*r“cnn*1  to  in,ar* 
aituation,  where  effective  vector  control  wasaure*  are lap^i^l  *  "  °P*r,tl<m*J 


prowduL^itrs  3id2toii5!°jipSiiii;*si»jSii»b;»soisi^rf;  *  i-E'sn  1  rp*Uend 

■evaluated  in  the  laboratory  and  the  lUldfLlc 

duct ion  strength  and  *  coldly  oVtll  '^T'  *T  br'u?ht  t0  Pro 

oethodi  were  developed  for  testing  rerx*ll»nf  *  /  *"■"*  ',as  i:‘-ltiattd.  Quanti tative 

»«***  and  antaai  teat  JZtJL !  2u£d *"<  ”"<»  ft*«  in 
aosQuitoe,  Mw^Ui,  ftew),  sand  flte*  ***Xnst 

<^mtfJiocoros  mace*-. tor) ,  x«v  y*peiia«t,  **cas  «nd  tick* 

tut.  and  the  u.  $.  D.part»«u  of  ir^  obtained  fro?  the  Stanford  Research  Inati- 

*■**«  :res  *ryv:“  •»*«"**. 

*"«“«  •<  «*•  w  *  .wcrt  St.’sts.  ‘ S|*"4 


!*3 


a,  »t 


■t 

'I 

| 

s 

j; 

mM 


ABSTRACT 


PROJECT  NO.  3M6227A810  Military  Skin  Disease 

WORK  UNIT  NO.  015  Development  of  Improved  Insect 

Repellents  for  Military  Use 

The  'ollowing  investigations  have  been  conducted  under  this  work  unit: 


STUDY 

NO. 

1 

CoLonizat ion  of  selected  insect  vectors  of  disease 

STUDY 

NO. 

2 

Genetic  aspects  of  mosquito  repellency 

STUDY 

NO. 

3 

Development  of  improved  tick  repellents  for 
military  use 

STUDY 

NO. 

4 

Development  of  duration  testing  methods  for 
mosquito  repellents 

STUDY 

NO. 

6 

Entomological  evaluation  of  insect  repellents 

STUDY  NOS.  1,2, 3, 4,  and  6  The  colony  of  the  tick  Ornithodoros 
parked  was  brought  to  production  strength  and  a  colony  of  the  bug 

Rhodni u£  prohxus  was  initiated.  Quantitative  methods  were  developed 
for  testing  repellents  against,  mosquitoes  and  sand  flies  in  human 
and  animal  test  systems.  Selected  conventional  repellents  were  tested 
against  mosquitoes  (Anopheles,  Aedes,  Culex) ,  sand  flies  (Lutzonryia) , 
fleas  (Piarsanus) ,  and  ticks  (Ornithodoros ,  Dermaccntor) .  New  repellents 
obtained  from  the  Stanford  Research  Institute  and  the  U.  S.  Department 
of  Ag  riculture  uere  screened  against  Anopheles  albimamis  t  Anopheles 
Stephens!  *  Aedes  aegypn  and  Cuie*  piplens.  Respective  tolerances 
of  6  Inbred  strains  of  Aedes  aeqypti  to  4  standard  repellents  were 
determined. 
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BODY  OF  REPORT 


WORK  UNIT  No.  015  Development  of  Improved  Insect 

Repellents  for  Military  Use 

STUDY  NO.  1  Colonization  of  selected 

insect  vectors  of  disease 

PROBLEM 

Laboratory  investigations  relating  to  the  development  of  improved 
insect  repellents  depend  on  the  availability  of  an  adequate  stock 
of  representative  insect  species  for  experimental  use.  Laboratory 
colonies  provide  an  economical  in-house  resource  for  repellent 
bioassay  in  lieu  of  travel  to  distant  areas  where  medically  im¬ 
portant  species  are  known  to  occur.  The  present  study  encompasses 
research  relating  to  the  development  of  methods  for  the  laboratory 
production  of  experimental  insects  required  for  the  repellent 
development  program.  Emphasis  is  placed  on  the  development  of 
practical,  efficient  methods  for  the  mass-production  of  selected, 
representative  species. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  mosquito  species  now  available  for  use  are  (1)  Anopheles 
(Anopheles)  quadrimaculatus  Say,  the  historical  vector  of  malaria 
in  Eastern  North  America,  (2)  Anopheles  (Nyssorhynchus)  albimanus 
Wiedemann,  the  major  vector  of  malaria  in  Central  and  South 
America,  (3)  Anopheles  (Cellia)  Stephens:  Liston,  a  major  vector 
of  malaria  in  Southern  Asia  and  the  Middle  East,  (4)  Acdes 
(Stcgomyia)  aegypti  (Linnaeus)  (3  strains),  the  primary  vector 
of  yellow  and  dengue  fevers,  (5)  Aedes  (Ochlcrotatus)  tacniorhynchus 
(Wiedemann),  a  major  pest  species  on  the  East  and  West  coasts 
of  the  U.S.,  and  (6)  Culex  (Culex)  pipicns  Linnaeus,  the 
primary  vector  of  periodic  Bancroftian  filariasls  and  a  major 
vector  of  viral  encephalitis.  These  species  were  selected 
for  colonization  on  the  basis  of  importance  to  military  preventive 
medicine,  taxonomic  distance,  and  ease  of  rearing  and  handling. 

The  flea,  Diamanus  nontanus  Baker,  which  has  been  Implicated 
in  the  transmission  of  sylvatic  plague,  and  the  phlebotomlne 
sand  fly  Lutzomyia  long: pal  pis  (Lutz  and  Neiva)  which  is  a  major 
vector  of  ieishmaniasis  in  South  America  are  also  reared  for 
use  in  repellent  testing.  This  is  the  only  established  colony 
of  sand  flies  in  the  U.S.  Improvements  in  larval  rearing  containers 
have  Increased  the  productivity  of  the  colony. 

Colonies  of  the  ixodid  tick  Dermcentor  variabilis  (Say),  a 
major  vector  of  Rocky  Mountain  spotted  fever  and  tularemia,  and 
the  argasid  tick,  Orni thodoros  parkeri,  a  vector  of  relapsing  fever, 
are  also  reared  for  use  ir.  repellent  testing.  The  latter  colony  was 
brought  to  production  strength  for  the  first  time  during  the  year. 
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A  colony  of  Che  kissing  bug  Khodnius  prolixus  Stal,  a  major  vector 
of  Chagas'  disease  in  Central  and  South  America,  was  established 
from  material  obtained  from  the  Department  of  Entomology ,  U.  C. 
Berkeley,  Berkeley,  CA.  To  date,  the  colony  has  not  reached  a  strength 
to  permit  repellent  testing;  however,  it  should  do  so  within  the 
next  4  to  6  months.  Procedures  have  been  initiated  to  obtain  a  colony 
of  chiggcr  mites  (Leptotrombidi um  spp .)  and  a  collembolan  food 
source  from  Walter  Reed  Army  Institute  of  Research.  Chigger 
mites  (fam.  Trorabicul idae)  are  the  vectors  of  scrub  typhus. 

For  economic,  humane  and  practical  reasons,  several  laboratories 
in  the  U.S.  and  elsewhere  have  developed  in  vitro  blood-feeding 
systems  for  use  In  lieu  of  laboratory  animals  for  mosquito  colony 
maintenance.  An  in  vitro  blood-feeding  system  suitable 
for  use  in  the  LAIR  insectary  is  currently  under  development. 

The  system  is  based  on  the  use  of  collagen  sausage  casings 
filled  with  outdated  human  blood  and  warmed  to  44  C  in  a  water 
bath.  The  mosquitoes  fed  freely  on  the  blood,  but  egg  productivity 
dropped  in  3  colonies  after  several  weeks  of  using  this  system 
exclusively,  and  the  use  of  live  rabbits  for  blood  feeding 
has  been  resumed.  Although  the  methodology  developed  is  satis¬ 
factory,  further  work  is  necessary  to  determine  the  deficiencies 
of  outdated  human  blood  and  research  in  this  area  will  continue. 

CONCLUSIONS 

A  comprehensive  battery  of  test  species  for  use  in  repellent  research 
has  been  established  and  maintained  at  production  levels.  Signif¬ 
icant  advances  have  been  made  in  laboratory  production  methods  for 
mosquitoes  and  sand  flics. 

RECOMMENDATIONS 

Research  on  insect  rearing  methods  should  be  continued  with  a 
view  toward  effecting  further  economies  and  benefits  for  the 
repellent  development  program.  Emphasis  should  be  placed  on 
improved  methods  for  rearing  mosquitoes,  because  of  their  usage 
and  importance,  and  on  improved  methods  for  rearing  sand  flies, 
because  of  their  difficulty  and  relatively  high  cost  in  manpower. 

PUBLICATIONS 

1.  RUTLEDGE,  L.C.,  M.A.  LAWSON,  L.L.  YOUNG  and  M.A.  MOUSSA. 

Rearing  of  Diamanus  montanus  (Siphonaptera,  Ceratophyllidae) 
and  Hoplopsyllus  anomalus  (Siphonaptera,  Pulicidae).  J  Med 
Entoaol  (in  press) 

STUDY  NO.  2  Genetic  aspects  of  mosquito 

repel lency 

PROBLEM 
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Thu  USAMRDC  supports  an  extensive  program  of  research  on  chemical 
repellents  for  the  protection  of  military  personnel  from  mosquito- 
borne  diseases.  Investigators  evaluating  candidate  repellents 
frequently  have  reported  disparate  or  conflicting  results.  It  is 
believed  that  Renetic  factors  relating  to  the  test  mosquitoes  may 
account,  in  part,  for  those  discrepancies.  The  present  study  provides 
for  a  quantitative  assessment  of  the  relative  importance  of  environ¬ 
mental  and  genetic  factors  in  determining  the  responses  of  mosquitoes 
to  repellents  and  for  the  development  of  genetically  homogeneous 
strains  of  the  yellow  fever  mosquito,  Aedes  aegypti  (Linnaeus)  for 
evaluation  as  standardized  repellent  test  strains. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Six  Inbred  strains  of  Aedes  aegypti  produced  earlier  in  the  study 
from  the  MASAKA  (diethyl  toluasaido-sensitive)  and  MOYO  INDOOR  (diethyl 
toluamlde-tclerant)  strains  were  rested  to  determine  the  effects  of 
inbreeding  on  the  sensitivity  of  the  daughter  strains  to  diethyl 
toluamide,  ethyl  hexanediol,  dimethyl  phthalate  and  Indalone  •  Re¬ 
sults  of  the  tests  indicated  that  levels  of  sensitivity  to  particular 
repellents  wan  substantially  reduced  in  some  of  the  inbred  strains 
and  substantially  increased  in  others.  These  results  demonstrate  the 
genetic  basis  of  the  sensitivity  trait  and  reflect  the  Independent 
assortment  of  the  genetic  factors  involved.  Since  levels  of 
sensitivity  to  the  different  repellents  were  not  correlated,  it  was 
concluded  that  different  genetic  factors  were  involved  in  the  case  of 
each  of  the  repellents  tested. 

Intrastrain  variability  in  the  response  to  repellents  was  not  reduced 
in  the  inbred  strains.  Accordingly,  such  strains  are  no  better  than 
normal  laboratory  strains  for  repellent  testing  purposes,  However, 
since  the  Fj  hybrids  of  Inbred  strains  are  both  heterozygous  and 
genetically  uniform,  they  might  be  expected  to  combine  the  separate 
advantages  of  inbred  strains  and  normal  laboratory  strains  for  bioasssay 
work.  The  production  of  such  hybrids  for  evaluation  as  test  strains 
is  currently  in  progress. 

It  is  known  that  most  repellents  have  Insecticidal  properties  and, 
conversely,  that  many  insecticides  show  repellent  activity.  Accord¬ 
ingly,  it  is  possible,  in  principle,  for  cross-resistance  between 
insecticides  and  repellents  to  develop  in  populations  of  mosquitoes 
in  the  field.  Genetic  linkages  of  this  type  would  have  practical 
importance  in  the  selection  of  repellent  compounds  for  use  against 
insecticide-resistant  populations  of  the  vector  species.  In  the 
present  study,  comparative  data  were  obtained  on  the  respective,  toler¬ 
ances  of  12  laboratory  strains  of  Anopheles  albimanus ,  An. 
quadrirMculatus ,  An.  stephensi,  Aedes  aegypti ,  Ae.  t aeniorhynchus  and 
Culcx  pipiens  to  the  repellent  diethyl  toluamide  and  the  insecticides 
DDT  and  malathion.  Results  obtained  in  the  study  indicate  that  the 
responses  of  mosquitoes  to  the  standard  military  repellent  (diethyl 
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toluaalde)  are  not  correlated  with  their  respective  tolerances  to 
chlorinated  hydrocarbon  insecticides  (DDT)  or  organophoaphorus  insec¬ 
ticides  (aalathion) . 

CONCLUSIONS 


the  responses  ox  mosquitoes  to  different  repellents  are  controlled  by 
specific  factors  in  the  genetic  makeup  of  the  species.  Isolation  of 
such  factors  by  inbreeding  techniques  does  not  significantly  reduce 
intrastrain  variation  in  the  responses  of  aosquitoes  to  repeilento. 
The  behavioral  responses  of  aosquitoes  to  diethyl  toluaalde  are  not 
genetically  linked  with  their  respective  physiological  responses  to 
DDT  or  ualathion. 

RECOMMENDATIONS 

It  is  recommended  that  the  hybrids  of  inbred  strains  be  evaluated 
for  efficacy  aa  standard  repellent  test  strains  in  the  repellent 
testing  prograa, 

PUBLICATION 

RUTLEDGE,  L.C.,  R.K.  SOFIELD  and  M.A.  MOUSSA.  A  bibliography  of 
diethyl  toluaalde.  Bull  Entoaol  Soc  Aaer  24(4):  (in  press) 


STUDY  NO. 


Development  of  improved  tick 
repellents  for  military  use 


PROBLEM 


Military  personnel  are  often  required  to  enter  areas  which  are 
endeaic  for  tick-borne  diseases.  It  is  often  impracticable  to  treat 
such  areas  with  an  effective  insecticide  to  control  the  tick  population 
prior  to  the  time  that  troops  are  required  to  enter  the  region.  Pro¬ 
tection  of  troops  from  tick-borne  diseasec  in  such  situations  depends 
on  the  use  of  effective  tick  repellents.  The  current  standard  repel¬ 
lents,  M-1960  for  clothing  application  and  deet  for  topical  applica¬ 
tion,  are  not  totally  effective  against  ticks.  There  is  a  current 
need  for  longer-lasting  repellents  having  high  intrinsic  repellency 
for  ticks. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


In  FY  1977,  the  4-hour  ED,q  of  four  major  repellents  were  determined 
for  nymphs  of  the  Ixcdld  tick  Dixracmttosr  vfiriabillg  in  a  new  white 
mouse  test  system.  Piathyl  toluaalde  and  Xndaione*  were  more  effec¬ 
tive  repellents  than  dimethyl  phthalate  and  ethyl  hexanedioi.  Puri&s 
PY  1978,  similar  results  were  obtained  in  teat*  again*!  the  adult 
stage  of  Dermcentor  variabiiis,  Diethyl  toluaalde  and  Indalooe* 
were  even  more  effective  against  the  adi'lt  ticks  than  they  had  been 


against  the  nymphs.  Dimethyl  phthalate,  which  had  been  comparatively 
ineffective  against  the  nymphs,  was  even  less  effective  against  the 
adults.  Tests  of  the  four  repellents  against  the  larval  stage  of  the 
tick  ere  currently  in  progress. 

The  exact  significance  of  the  foregoing  results  depends  on  the  specific 
epizootiology ,  epidemiology ,  and  mode  of  transmission  of  the  different 
tick-borne  diseases.  Zoonoses  of  small  and  large  animals  may  be  trans¬ 
mitted  by  different  life  stages  of  the  tick  because  of  the  different 
host  preferences  of  the  larvae,  nymphs  and  adults.  The  larval  stage 
of  the  tick  can  transmit  only  those  diseases  that  can  be  acquired 
transovarially  from  the  female  parent.  Transtadlal  and  transovarlal 
transmission  are  important  factors  in  the  epidemiology  of  most  tick- 
borne  diseases,  including  Russian  spring-summer  encephalitis.  Central 
European  encephalitis  and  other  tick-borne  diseases  of  the  Eurasian 
continent . 

Tests  of  the  military  standard  repellent,  diethyl  toluamide,  against 
the  Argasld  tick  Ornithndoroa  parked  were  initiated  during  the  year. 
Various  species  of  crr.izhodotos  are  vectors  of  relapsing  fever  in 
North  America,  Conical  Africa,  the  Middle  East  nr.d  elsewhere  in  the 
world.  Little  i»  currently  known  of  their  sensitivity  to  the  insect 
repe? lento  in  common  use.  Preliminary  test  results  indicate  that 
Ornithodorcs  parkeri  is  moderately  sensitive  to  diethyl  toluamide. 

CONCLUSIONS 

li'sect  repellents  in  current  use  are  not  equally  effective  against 
all  the  life  stages  of  ticks.  A  given  repellent  will  not  be  equally 
effective  in  preventing  diseases  that  arc  transmitted  by  different 
life  stages  of  the  same  tick. 


RECOMENDATIONS 

The  repellent  testing  program  should  be  extended  to  provide  additional 
baseline  data  on  the  effectiveness  of  currently  available  repellents 
to  tbr  different  life  stages  of  important  vector  species. 

PUBLICATIONS 

None 

STUDY  No.  4  Development  of  duration  testing 

methods  for  mosquito  repellents 

FBPbigH 


While  osny  chemicals  are  known  to  repel  aosquitoes  effectively  when 
applied  to  the  skin  at  practical  dosages,  relatively  few  persist  on 
the  skin  for  extended  periods  of  time  after  application.  Persistence 
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is  critical  to  the  military  application,  since  military  operations  may 
require  continuous  exposure  of  personnel  to  mosquitoes  for  prolonged 
periods  of  time.  Conventional  methods  are  Inadequate  for  unequivocal 
determination  of  the  persistence  properties  of  new  mosquito  repellents. 
Quantitative  statistical  methods  based  cn  modem  bioassay  techniques 
are  critically  needed  in  the  repellent  development  program  supported 
by  U3AHRDC. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  line  with  current  efforts  to  minimize  the  use  of  human  subjects  in 
scientific  research,  activity  in  Study  No.  4  was  directed  toward  in¬ 
tension  and  refinement  of  the  LAIR  white  mouse  test  system.  Tempera¬ 
ture  and  dosage  effects  on  the  effective  halflives  of  10  repellents 
were  studied  in  the  white  mouse  test  system,  and  it  was  concluded  that 
the  initial  testa  of  new  or  untried  repellents  in  that  test  system 
should  be  designed  to  determine  the  4-hour  EDS{i  of  the  test  repellent 
on  mice  maintained  at  37  C.  The  4-hour  EDS0  jJrovidec  a  measure  of  the 
combined  effects  of  the  intrinsic  repellency  and  the  persistence 
properties  of  the  material  under  test  on  its  efficacy  as  a  repellent. 

It  also  provides  approximate  information  on  the  dosages  needed  to 
determine  the  effective  halflife  and  the  EDeq  proper.  The  4-hour 
time  period  wae  chosen  to  correspond  with  that  used  in  tests  of  repel¬ 
lents  against  the  tick  Dcmae-ZKior  variabilio  (Study  No.  3).  The 
37  C  temperature  was  chosen  to  correspond  with  the  human  body  tempera¬ 
ture. 

In  the  4-hour  ED^q  test  procedure,  suckling  mice  are  treated  by 
immersion  in  ethanol  (control)  and  4  serial  dilutions  of  the  test 
repellent  in  ethanol  (repellent  treatments).  The  treated  mice  are 
held  separately  in  an  incubator  at  37  C  for  4  h  and  then  arc 
transferred  to  individual  compartments  in  a  cage  containing  the  test 
mosquitoes.  The  numbers  of  mosquitoes  feeding  on  each  mouse  are 
recorded  at  2-min  intervals  for  20  min,  and  the  totals  of  the  10 
counts  made  on  each  mouse  are  recorded  as  the  test  results.  In 
subsequent  replicates,  the  range  of  dosages  used  is  adjusted  as 
necessary  to  bracket  the  50X  end  point.  The  4-hour  ED,q  th*  Cft8t 
repellent  is  calculated  by  probir  analysis  of  the  results  obtained 
in  tests  that  bracket  the  SOX  end  point.  The  4-hour  ED.q  test  has 
been  proved  in  more  than  90  trials  of  26  different  repellents  during 
the  year.  The  results  obtained  are  given  in  the  report  for  Study 
No.  6. 


A  frequent  criticism  of  conventional  methods  of  testing  mosquito 
repellents  on  human  subjects  in  the  laboratory  has  been  ambiguity  and 
lncompletaneas  of  the  data  obtained.  Several  hundreda  or  thousands 
of  mosquitoes  are  used  in  the  conventional  type  of  repellent  teat. 
Because  of  the  biting  potential  of  such  large  test  populations,  repel¬ 
lents  are  ordinarily  tested  at  high  dosages  only,  and  the  untreated 
control  is  almost  Invariably  neglected.  It  would  seem  that  the  use 
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of  smaller  numbers  of  mosquitoes  would  parait  the  investigator  to 
eaploy  accepted  methods  and  principles  of  biological  assay.  Accordingly, 
reform  of  traditional  test  methods  along  these  lines  was  initiated  in 
FY  1978. 

The  experiments  were  conducted  with  the  mosquito  Aedes  aegypti  and 
the  sand  fly  Lu tzomyia  longipalpis.  It  was  determined  in  trials  with 
the  latter  species  chat  approximately  40X  of  the  test  insects  could  be 
expected  to  bite  within  a  4-h  test  period.  Thus,  between  4  and  16 
bites  would  be  expected  if  the  test  population  were  limited  to  the 
range  of  10  to  40  insects  per  test.  These  bites  would  be  distributed 
on  the  control  and  the  repellent  treatments  in  conformance  with  the 
statistical  model  applicable  to  the  experimental  design  employed  in 
the  test.  Replication  of  such  a  test  on  a  "sequential  sampling"  basis 
would  insure  maximal  benefit/cost  in  terms  of  the  amount  of  Informa¬ 
tion  obtained  per  bite  received.  These  conclusions  were  confirmed  in 
150  dose-response  trials  of  6  standard  repellents  against  Lutzomyia 
longipalpis .  The  test  insects  (10  to  40  per  test)  were  confined  in  a 
small  (600  cc)  test  cage  which  could  be  strapped  to  the  forearm  and 
opened  to  expose  5  circular  test  areas  previously  outlined  on  the  arm 
and  treated  in  accord  with  standard  ED  test  procedures.  Fifteen 
replicates  of  tne  teat  were  suff icient  ior  accurate  determination  of 
the  ld-p  regression  line.  The  results  of  the  tests  are  given  in  the 
report  for  Study  No.  6. 

CONCLUSIONS 

New  repellents  should  be  screened  and  evaluated  on  experimental 
animals  prior  to  testing  on  man.  The  established  principles  of  bio¬ 
logical  assay  are  applicable  in  testing  repellents  in  animal  and 
huaan  test  systems.  The  conventional  "first  bite"  type  of  test  should 
be  regarded  obsolete. 

RECOMMENDATIONS 

White  rabbit  and  guinea  pig  test  systems  should  be  developed  to  comple¬ 
ment  the  white  mouse  test  system  currently  used.  Current  procedures 
for  testing  repellents  against  Lutzomgia  on  the  forearm  should  be  extended 
to  tests  of  repellents  against  Anopheles ,  Aedes  and  Culex. 

PUBLICATIONS 
None 

STUDY  No.  6 


PROBLEM 

Xnaect-borne  diseases  are  among  those  of  paramount  importance  to 
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military  forces  In  Che  field.  Insect  repellents,  together  with  cer¬ 
tain  vaccines  and  chemoprophy lactic  drugs,  are  the  only  practical  and 
effective  means  available  for  preventing  insect-borne  diseases  in  field 
units  operating  in  areas  or  situations  where  the  reduction  of  insect 
populations  is  impracticable.  Such  situations  include  assault,  move¬ 
ment,  bivouac,  patrol,  and  unsettled  or  uncertain  military  situations 
in  general. 

The  complete  baseline  data  needed  for  effective  use  of  Insect  repel¬ 
lents  in  any  possible  military  action  are  not  currently  available. 
Intrinsic  repellency,  range  of  efficacy  and  persistence  properties 
of  the  standard  repellents  are  poorly  known,  and  the  merits  of  many 
prospective  new  repellents  have  not  yet  been  fully  explored.  In 
addition,  many  completely  new  compounds  and  formulations  with  poten¬ 
tially  superior  repellent  properties  are  available  for  trial.  The 
present  study  encompasses  a  systematic  comprehensive  program  for 
testing  standard  and  prospective  repellents  against  major  vectors  of 
insect-borne  diseases  of  known  or  potential  Importance  to  the  Army  In 
field  operations. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Extended  testing  of  8  standard  repellents  (diethyl  toluamide,  ethyl 
hexanedlol,  Indalonc  ,  dimethyl  phthalate,  dibutyl  phthalate,  butoxy 
polypropylene  glycol,  MGK  Repellent  11*,  and  MGK  Repellent  326*)  was 
initiated  during  FY  1978.  Immediate  goals  are  to  test  each  compound 
against  mosquitoes  (Anopheles  dlbimanus.  Anopheles  stapbensi ,  Aedes 
aeggpti  and  Culex  pipiens) ,  sand  flies  (lutzomgiz  ^ongipalpis) ,  fleas 
(P.iamanus  nontanus)  and  ticks  (Dermacentor  variabilis  and  Omithodoros 
parkeri).  The  results  obtained  will  represent  the  beginnings  of  the 
data  base  required  for  accurate  prescription  of  specific  repellents 
for  use  against  specific  vectors  in  a  military  emergency.  Diethyl 
toluamide  and  ethyl  hexanedlol  are  available  within  the  military 
supply  system,  and  the  remaining  6  repellents  are  available  from 
commercial  sources.  Testing  of  diethyl  toluamide,  ethyl  hexanedlol, 
Indalone*  and  dimethyl  phthalate  la  well  advanced,  and  testing  of  the 
remaining  A  repellents  Is  well  under  way. 


The  before-mentioned  tests  include  the  first  known  trials  of  any 
repellents  against  Lutzorogia  longipalpis  (vector  of  visceral  leish¬ 
maniasis),  Diamanus  montanus  (vector  of  plague),  and  Ornithodoros 
parkeri  (vector  of  relapsing  fever).  Currently,  testing  against 
Lutzomgia  longipalpis  is  more  advanced.  Of  the  6  repellents  tested 
against  this  species  to  date,  Indslone*  and  diethyl  toluamide  are 
decidedly  superior. 


Except  for  a  few  minor  reports  in  the  foreign  literature,  the  8  repel¬ 
lents  have  not  been  previously  tested  by  modern  quantitative  methods. 
In  most  cases,  the  median  effective  dosages  were  totally  unknown ,  even 
for  a  single  vector  species.  Comparative  persistence  on  the  akin  was 
known  only  from  crudely  measured  "protection  times."  In  this  raapacr. 
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the  present  study  provides  data  that  are  more  definitive,  as  well  as 
more  extensive,  chan  any  previously  available. 

Twenty  coded  repellent  compounds  obtained  from  the  U.S.  Department 
of  Agriculture  were  tested  against  the  mosquito  Aljdes  aeqyptx  during 
FY  1977.  These  were  subsequently  determined  to  include  17  prospective 
and  3  standard  repellents.  The  ED,qb  of  8  prospective  repellents  were 
better  than  those  of  the  3  standard  repellents.  During  FY  1978  the 
tests  of  the  8  superior  repellents  were  repeated,  and  the  results 
obtained  in  FY  iv?/  were  confirmed.  If  additional  quantities  of  these 
materials  can  be  obtained,  they  will  be  tested  more  extensively  in  FY 
1979.  The  compounds  in  question  include  4  quinolines,  "  piperidines, 
an  oxazinc  and  an  oxazolidir.e. 

During  FY  1976-78,  101  new  chemical  compounds  synthesized  at  the 
Stanford  Research  Institute  were  tested  for  repellent  activity  against 
Aedes  aayypti.  The  ED^s  of  31  of  these  compounds  were  better  than 
that  of  the  standard  repellent,  diethyl  toluamlde.  During  FY  1978, 

28  cf  the  31  were  re-tested,  and  the  superior  status  of  24  of  those 
re-tested  was  confirmed.  These  24  prospective  new  repellents  are 
cur»  ^ly  being  tested  more  extensively.  The  immediate  goal  is  to 
dote  '  me  the  4-h  ED^g  for  Acdos  aeyypti  of  each  repellent.  Those 
materials  with  better  4-h  EDrgS  are  being  further  tested  to  deter¬ 
mine  their  respective  ED^qS  tor  Anopheles  albimeniis ,  Anopheles 
Stephens i  and  Culox  pipiens.  it  is  already  apparent  that  no  single 
repellent  in  the  series  is  likely  to  prove  superior  for  all  specie 
of  mosquitoes  to  be  tested. 

CONCLUSIONS 

Certain  standard  repellents  not  currently  in  the  Army  inventory  raay 
prove  to  be  superior  for  use  against  some  insects.  Several  prospec¬ 
tive  new  repellents  obtained  from  the  U.  S.  Department  of  Agriculture 
and  the  Stanford  Research  Institute  have  given  promising  result s  in 
tests  against  Anopheles ,  Aedes  and  Culex  mosquitoes. 

RECOMMENDATIONS 

The  old  idea  of  a  single  all-purpose  insect  repellent  should  be 
abandoned  as  a  conceptual  framework  for  the  repellent  development 
program.  Repellents  can  best  be  used  selectively  against  different 
vector  insects  in  the  same  wsy  that  antibiotics  are  used  selectively 
against  different  microorganisms. 

PUBLICATIONS 

SKINNER,  W.A.,  H.T.  CRAWFORD,  L.C.  RUTLEDGE  and  M.A.  MOUSSA.  Topical 
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23.  (U)  To  develop  laproved  methods  for  the  diagnosis  and  prevention  of  cutaneous 

lelshaanlal  Infections  encountered  by  service  personnel  deployed  or  stationed  In  endealc 
areas  overseas.  The  absence  of  protective  vaccines  and  the  lack  of  satisfactory  treat¬ 
ment  Tenders  these  studies  essential  to  the  protection  of  the  health  of  the  field  soldi*: 

2*.  (U)  Mass  culture  of  Uithntnia  will  be  Instituted  to  provide  sufficient  cells  for 

biochemical  Isolation  of  cellular  components.  Immunochemical  analysis  will  be  conducted 
to  define  ccaxponents  which  offer  gr«*.-.er  sensitivity  and  specificity  for  utilisation  in 
serodlagnosls  and  skin  testing  methods.  In  vivo  Immune  retpooscs  to  purified  components 
and  in  vitro  lamunochamlcal  reactions  will  be  conducted  to  characterise  humoral  end  cell 
mediated  mechanism*  end  to  evaluate  antigens  for  their  potential  protective  value  again*: 
leisbnania. 

25.  (C)  77  10  •  78  09.  finsyme  immunoassay  (ELISA)  was  shows  to  b«  extremely  sensitive 

in  following  the  immune  response  of  rabbit*  sensitised  to  leithtmia  and  for  detecting 
ieistaeaniel  antibody,  in  sere  from  experimentally  infected  hasster*  or  in  sera  from  humesu 
with  naturally  acquired  leishmaniases.  Wiole  killed  proaastigote*  or  soluble  sneigeoa  o: 
-•  ers xii.i*nri»  elicited  initial  deleyed-typ*  hypersensitivity  response*  3-7  dsys  after 
the  appearance  of  lesions  <14  days  after  infection)  in  guinea  pigs  infected  with  t. 

.  Maximum  responses  were  demonstratdd  8-12  weeks  after  Infection.  The  occur¬ 
rence  of  circulating  immune  complexes  in  leishmaniases  was  confirmed  by  the  defection  of 
Isncijer  and  antibody  simultaneously  In  the  sera  of  hamsters  infected  with  &.  brcsitiwU 
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ABSTRACT 


PROJECT  NO.  3M762772A810  Military  Skin  Disease 

WORK  UNIT  NO.  016  Diagnosis  and  Prevention  of 

Leishmaniasis  in  Military 
Pe rsonnel 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Serodiagnosls  of  American 

Leishmaniasis 

STUDY  NO.  2  Improved  skin  teat  antigen  for 

the  diagnosis  and  prognosis  of 
leishmaniasis 

STUDY  NO.  3  Immune  mechanisms  in  leishma¬ 

niases 

STUDY  NO.  1  The  response  to  immunization  against  L.  brazil  ions  is 
was  followed  in  rabbits  by  measuring  antibody  by  enzyme- immunoassay 
(ELISA),  passive  henmagglut inat ion  (PHA),  complement  fixation  (CF) , 
and  counter-current  Immunoelectrophoresis  (CC1E).  PHA  and  CF  titers 
were  interpreted  according  to  standard  methods,  whereas  ELISA  exact 
titers  were  derived  by  the  equation  Y  -  a-b  logX  which  describes  the 
straight  line  that  results  when  absorbances  arc  plotted  against 
test  serum  dilutions.  Peak  titer  was  measured  at  32*1  days  after 
Initial  injection,  irrespective  of  the  assay  method.  Seven  days 
post-infection  antibody  titer  was  1130  by  ELISA,  0  by  PHA  and  8  by  CF. 
Precipitin  bands  were  shown  by  CCIE  only  at  peak  titer.  With  sera 
from  hamster*  experimentally  infected  with  boishmania ,  94J  showed 
leishmanial  antibody  by  ELISA,  compared  to  92X  by  CF  and  65X  by 
PHA.  Thirty-one  samples  of  sera  from  human  patients  with  cutaneous 
leishmaniasis  were  tested  only  by  ELISA.  Of  these,  23  were  positive 
for  leishmanial  antibodies. 

STUDY  NO.  2  Studies  concerning  the  preparation,  evaluation  and 
standardization  of  skin  testing  antigens  for  diagnosis  and  prognosis 
of  leishmaniasis  were  continued.  Guinea  pigs  infected  with  L. 
enriattii  produced  sensitivity  responses  when  tested  with  whole  killed 
promast igotes  or  soluble  antigens  of  l.  brazilionsis .  Mild  positive 
delayed-type  skin  responses  were  dewoentrated  5  to  7  days  after  the 
earliest  parasite  lesions  had  formed.  Maximum  responses  were  obtained 
when  resolution  of  lesions  had  begun,  8  weeks  after  Infection,  and 
were  maintained  for  at  least  4  additional  weeks.  The  data  suggest 
akin  testing  may  have  potential  -.<»e  for  early  diagnosis  of  leishma¬ 
niasis. 

STUDY  NO.  3  Leishmanial  antibody  of  the  IgG  immunoglobulin  class  was 
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demonstrated  In  ti.e  sera  of  6  hamsters  22  to  31  days  after  infection 
with  /,.  I'vasilifi’isis.  One.  animal  showed  both  complement  fixing 
antibody  and  antigen  before  infection  and  36  days  after  infection. 

A  second  animal  demonstrated  both  components  only  at  29  days  post¬ 
infection.  Two  animals  infected  with  /. .  donowmi  showed  both  compo¬ 
nents  24  day*  after  infection.  The  data  confirm  results  of  earlier 
experiments  which  suggested  the  occurrence  of  immune  complexes  during 
infection  with,  ’.e; ahw.:<:  by  the  marked  increase  In  anticomplementary 
activity  of  sera  from  itaxioesKa  infected  subjects.  The  demonstration 
of  the  sitsultaneous  occurrence  of  circulating  antigen  and  antibody 
offers  an  explanation  for  the  formation  of  immune  complexes. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  016  Diagnosis  and  Prevention  of 

Leishmaniasis  in  Military 
Personnel 


STUDY  NO.  1 


Se rod i agnosia  of  American 
leishmaniasis 


PROBLEM 

Standard  serological  methods  are  not  sensitive  and/or  specific 
enough  to  detect  low-level  circulating  antibodies  in  the  sera  of 
patients  during  or  after  infection  with  leishmania .  As  a  consequence, 
treatment  is  delayed  until  the  appearance  of  a  distinct  lesion  from 
which  a  positive  diagnosis  con  be  made.  The  development  of  a  simple 
reliable  method  for  the  serodiagnosls  of  leishmaniasis  will  permit 
early  treatment,  thereby  decreasing  complications  which  may  arise 
from  mucocutaneous  or  visceral  involvement.  The  introduction  of 
enzyme- immunoassay  (ELISA)  has  provided  a  method  which  is  being 
investigated  for  its  potential  usefulness  as  a  tool  for  the  serodiag- 
nosls  of  leishmaniasis.  However,  quantitative  relationships  in  ELISA 
need  to  be  defined  and  established  to  arrive  at  an  accurate  and 
reproducible  assessment  of  leishmanial  antibody  in  the  sera  of 
immunized  and/or  infected  subjects.  Tills  study  was  designed  to  modify 
established  serodiagnost ic  methods  and/or  develop  new  methodology  for 
the  detection  of  early  infections  among  military  personnel  serving  in, 
or  returning  from,  endemic  areas. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

ELISA  results  are  currently  reported  in  the  literature  as  absorbance 
readings  which  are  obtained  at  a  single  dilution  of  a  test  sample, 
or  as  a  titer  obtained  from  the  serum  dilution  giving  a  specified 
absorbance.  An  assessment  based  on  a  single  result  may  be  misleading, 
especially  with  multiple  antigen-antibody  systems  in  which,  at  all 
dilutions,  some  may  be  in  antigen  excess  and  others  in  antibody  ex¬ 
cess.  Thus,  carrying  out  a  complete  titration  and  reporting  ELISA 
data  in  terms  of  exact  end  point  titers  decreases  the  chance  of  false 
negatives  and  Is  more  meaningful  in  light  of  accepted  methods  for 
reporting  and  interpreting  serodiagnost ic  result*.  In  our  studies 
with  rabbits  wc  noted  that  sera  drawn  on  different  days  after  Immuni¬ 
zation  with  l&ishmma  often  gave  end  point  absorbances  of  different 
values  at  the  same,  dilution  of  sera.  Therefore,  it  was  necessary  to 
derive  exact  titers  to  obtain  characteristic  and  reproducible  antibody 
response  curves. 

In  the  ELISA,  anti-leishmanial  sera  quantitated  by  incubating 
serial  two-fold  dilutions  in  microtlter  plates  coated  with  leiahmanial 
antigen.  Enzyme- labelled  specific  antiglobulin  is  reacted  with 


163 


,  rr  «^W«-VW  BJW^ZMWSW 


the  immune  complex  formed  and  a  specific  enzyme  substrate  is  then 
added.  The  entire  complex  is  finally  assessed  by  spectrophotometric 
determination  of  the  absorbance  of  the  colored  hydrolysis  product 
of  the  enzyme-substrate  reaction.  This  absorbance  is  proportional 
to  the  amount  of  conjugate  specifically  bound  to  leishmanial 
antibody  and  is  consistent  with  an  immune  reaction  in  which  Increasing 
amounts  of  antigen  precipitate  antibody  from  a  constant  amount  of 
serum  until  maximum  antibody  is  bound  at  optimum  antigen-antibody 
proportions,  and  decreasing  antibody  is  bound  at  antigen  excess.  Thus, 
absorbances  in  ELISA  represent  antigen-antibody  ratios  in  which  con¬ 
jugate  antiglobulin  is  the  antibody  and  leishmanial  antibody  is  the 
antigen.  When  these  ratios  (absorbances)  are  plotted  against  antigen 
(test  sera  dilutions)  a  straight  line  results  which  follows  the 
equation  Y  *  r  logX,  where  a  equals  the  intercept  of  the  Y  axis, 
and  b  equals  the  slope  of  the  line.  Our  data  were  applied  to  the 
equation  by  deriving  a  and  b  for  three  or  more  absorbances  obtained 
In  each  serum  titration  and  then  adjusting  all  end  point  titers  to 
0.01  absorbance.  ELISA  baseline  values  for  two-fold  dilutions  of 
sera  from  normal  rabbits,  hamsters,  and  husuins  were  established  and 
subtracted  from  corresponding  dilutions  of  respective  .est  sera. 

ELISA  exact  end  point  titers  were  then  derived  by  Y  *  a-b  logX. 

The  derivation  of  exact  end  point  titers  according  to  the  method 
described  above  resulted  in  rabbit  antibody  response  curves  which 
closely  paralleler*  those  produced  by  passive  hemagglutination  (PHA) , 
and  complement  fixation  (CF) .  However,  the  superior  sensitivity  of 
ELISA  was  demonstrated  by  its  early  detection  of  significant  antibody 
and  markedly  higher  titers  when  compared  to  measurements  by  PHA  and  CP. 

Rabbit  immune  sera.  The  response  to  immunization  with  soluble  L. 
brazi 1 lensis  antigen  (LB016)  was  followed  in  rabbits  by  collecting 
sera  before  and  at  frequent  intervals  after  immunization  and  deter¬ 
mining  ELISA  exact  end  point  titers  by  the  method  described  in  the 
foregoing  section.  PHA  and  CF  titers  were  measured  according  to 
standard  methods.  The  presence  or  absence  of  precipitating  antibody 
was  determined  qualitatively  by  counter-current  immuno-electrophoresis 
(CCIE).  Antibody  in  two  rabbits  reached  peak  titer  approximately 
32  i  1  days  after  initial  injection,  irrespective  of  the  assay  swthod, 
which  suggests  similar  antibody  was  measured.  However,  antibody 
measured  7  days  after  initial  injection  showed  a  titer  of  1130 
by  ELISA,  as  compared  to  titers  of  zero  by  PHA,  and  8  by  CP.  The 
extreme  sensitivity  of  ELISA  was  also  shown  by  the  marked  differences 
between  peak  titers  measured  by  ELISA  (20,000),  PHA  (480),  and  CP 
(16).  These  differences  were  further  aaq>lified  by  the  anamnestic 
response  in  which  an  ELISA  peak  titer  of  66,957  was  obtained  compared  to 
S000  by  PHA  and  20  by  CP,  9  to  12  days  after  a  booster  Injection.  Pre¬ 
cipitin  bands  were  produced  by  CCIE  only  with  sera  collected  at  peak 
titer,  32  to  34  days  after  initial  injection,  and  could  not  be  desKHistra- 
ted  again  until  the  peak  anamnestic  response. 

Hamster  sera.  Sera  collected  from  hamsters  3  to  44  weeks  after  infec¬ 
tion  with  L.  brazilienais  or  L.  mxicana  were  assayed  for  antibodies 
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by  ELISA,  PHA,  and  CF.  Forty-eight  hamsters  out  of  SI  (94X)  showed 
antibodies  by  ELISA,  33  out  of  51  (65X)  were  positive  by  PHA,  and  36 
out  of  39  (92X)  demonstrated  CF  antibody.  A  high  degree  of  sensitivity 
was  apparent  by  the  markedly  high  titers  obtained  by  ELISA  compared 
to  those  obtained  with  PHA  or  CF.  Furthermore,  of  33  sera  positive 
by  PHA,  17  were  in  the  range  of  titers  obtained  with  sera  from  some 
normal  hamsters,  which  questions  the  validity  of  a  positive  diagnosis 
for  these  samples.  Of  36  sera  positive  by  CF,  one  showed  a  question¬ 
able  titer.  It  is  also  significant  that  in  PHA  and  CF  tests,  anti¬ 
body  titers  appeared  to  rem*  n  at  constant  low  levels,  whereas  ELISA 
demonstrated  an  increase  in  antibody  through  the  44th  week  after 
Infection.  There  were  no  significant  differences  between  antibody 
titers  in  sera  from  hamsters  infected  with  L.  brazil iansis  or  L. 
mexicana  which  suggests  that  L&Q16  antigen  cannot  discriminate  between 
l.  brazihensis  and  mxicana  infections. 

Human  sera.  ELISA  exact  titers  were  obtained  with  sera  from  humans 
Infected  in  Panama  with  Leishmania.  The  sera  tested  were  from  male 
and  female  patients,  9  to  44  years  of  age,  who  demonstrated  Leishmania 
in  skin  scrapings  and/or  culture  of  skin  scrapings.  Of  31  sera 
examined,  23  (74t)  showed  titers  which  varied  from  5  to  3429.  In 
most  cases,  exact  titers  were  calculated  from  titrations  in  which 
all  or  most  serum  dilutions  produced  absorbances.  However,  seven 
sera  demonstrated  absorbances  in  only  one  or  two  dilutions.  In 
these  cases,  the  titer  was  taken  as  the  highest  dilution  of  serum 
showing  a  net  absorbance. 

These  results  appear  excellent  when  one  considers  that  the  human  sera 
were  randomly  collected  5  to  10  years  before  they  were  assayed  and  were 
not  identified  relative  to  the  time  they  were  collected  following 
infection  and  cure,  which  may  account  for  some  negative  findings. 

The  low  PHA  titers  obtained  with  hamster  sera  are  not  consistent  with 
the  markedly  higher  titers  usually  obtained  in  our  laboratory  in  PHA 
determinations  in  which  the  entlgen  used  is  prepared  by  sonlcation 
and  extraction  with  isotonic  saline.  This  suggests  that  our  antigen 
which  was  prepared  with  3.3  M  NaCi  considerably  decreases  the  antigenic 
determinants  necessary  for  an  optimal  PHA  assay  and/or  that  antibody 
specific  for  predominant  antigens  in  our  preparation  were  lacking  in 
Infected  hamsters. 

We  are  currently  attempting  to  prepare  and  apply  purified  antigens 
to  ELISA  in  order  to  avoid  drawbacks  Inherent  with  the  use  of  mixed 
antigens  in  a  quantitative  system.  Nevertheless,  our  data  support  the 
conclusions  that  the  application  of  quantitative  principles  to  the 
sensitive  measurements  provided  by  ELISA  with  3.5  M  NaCl  extracted 
antigen,  makes  it  an  Ideal  tool  for  following  the  level  of  leishman¬ 
ial  humoral  antibody  and  for  determining  variations  in  antibody 
responses  among  different  individuals.  In  vitro  and  in  vivo  immuno¬ 
genic  itv  of  antigens  may  be  compared  with  greater  sensitivity,  and 
the  method  offers  a  procedure  for  the  precise  standardisation  of 
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conjugate  and  antigen  reagents  for  serodiagnosis. 

CONCLUSIONS 

The  aicro-ELISA  technique  appears  to  offer  considerable  promise  as  a 
rapid  in  vitro  procedure  for  the  serodiagnosis  of  leishmaniasis.  The 
method  is  more  sensitive  th^n  PRA ,  CF,  or  CCIE  for  detecting  leishman¬ 
ial  antibodies  in  the  sera  of  immune  or  infected  subjects.  However, 
the  sera  tested  does  not  permit  conclusions  to  be  drawn  concerning 
cross-reactivity.  It  is  anticipated  that  further  refinements  in  anti¬ 
gen  reagents  will  result  in  greater  specificity  and  sensitivity.  The 
appeal  of  the  ELISA  is  that  it  is  similar  in  design  to  radio-immuno¬ 
assay  and  appears  to  have  comparable  sensitivity  without  the  problems 
of  unstable  reagents  or  radiation  hazards. 

RKCO>HKNDAT IONS 

Further  investigations  should  be  carried  out  to  determine  the  extent 
of  cross-reactivity  between  leishmanial  antigens  and  antibodies  related 
to  diseases  other  than  leishmaniasis.  These  studies  should  be  extended 
to  include  the  biochemical  and  Immunochemical  purification  and  charac¬ 
terization  of  a  specific  leislxnanial  antigen  to  obtain  optimal  specific¬ 
ity  and  sensitivity  in  the  serodiagnosis  of  leishmaniasis  by  ELISA. 

PUBLICATIONS 

LUZZIO,  A.J.,  McROBERTS,  M.J.,  and  EULtSS,  N.H.  Quantitative  estimates 
of  serum  antibody  titers  in  the  serodiagnosis  of  American  leishmaniasis 
by  F.L1SA.  Submitted  for  publication. 

STUDY  NO.  2  Improved  skin  tent  antigens 

for  the  diagnosis  and  prognosis 
of  leishmaniasis 

PROBLEM 

Leishmanial  infections  represent  a  group  of  parasitic  diseases  encoun¬ 
tered  by  military  personnel  stationed  in  endemic  areas.  Since  immunity 
to  the  leishmaniases  is  due  principally  to  cell-mediated  irmsune  respon¬ 
ses  ,  skiu  testing  to  demonstrate  delayed  hypersensitivity  is  important 
to  diagnosis  and  prognosis.  Although  skin  testing  procedures  are 
widely  used  in  epidemiologic  surveys,  a  universally  acceptable  skin 
test  antigen  has  not  been  developed  and  standardized.  This  study  is 
directed  toward  preparation  of  a  standard  leishmanial  antigen  of  known 
efficacy,  potency,  and  safety  which  is  suitable  for  skin  testing  U.S. 
military  personnel. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Skin  hypersensitivity  tests  based  on  the  Montenegro  reaction  (intra- 
dermal  injections  of  whole  killed  organisms  as  a  means  of  eliciting 
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delayed  akin  reactions  in  sensitised  subjects)  were  used  to  evaluate 
the  ability  of  L.  enriettii  infected  guinea  pigs  to  respond  to  (1) 
leishaanin  (promastigotes  of  L.  braziliensix  suspended  in  saline 
containing  0.4X  phenol),  and  (2)  soluble  antigens  of  L.  hrazi liens is 
prepared  by  sonic at  ion  and  extraction  of  promastigotes  with  3.5  H  NaCl. 
In  addition,  experimental  animals  were  observed  to  determine  the  devel¬ 
opment  of  a  period  of  optimum  sensitivity,  after  infection,  during 
which  skin  test  antigens  nay  be  evaluated. 


In  guinea  pigs  which  developed  lesions  7  to  9  days  after  infection 
with  lxlO-’  L.  enriettii  amas 1 1  go t es ,  mild  responses  were  elicited  by 
leishaanin  or  soluble  antigen  14  days  after  infection.  Soluble  antigen 
containing  '3.2  ugm  total  protein  (TP)  and  injected  inttadermaily  in 
0.05  ml  volume  produced  a  response  which  appeared  to  be  comparable  to 
that  produced  hy  leishmanln,  which  consisted  of  1x10”  promastigotes 
or  4.3  ugm  TP  0.05  ml.  The  highest  dose  of  soluble  antigen  tested, 

32  ugm  TP  produced  significantly  greater  responses. 


Intense  delayed-type  responses  were  obtained  with  ^oiuble  antigen  con¬ 
taining  32  ugm  IT  when  healing  of  cutaneous  lesions  began  (8  weeks  after 
infection).  These  responses  were  maximal  at  24  h  after  antigen  injec¬ 
tion  and  were  characterized  by  pronounced  induration,  and  erythema  with 
central  pallor.  Skin  tests  at  10  and  12  weeks  yielded  responses  of 
equal  Intensity  to  those  obtained  at  8  weeks.  Inoculation  of  antigens 
into  uninfected  control  guinea  pigs  produced  minimal  non-specific 
reactions  which  were  not  typical  of  delayed-type  response*.  The  early 
appearance  of  delayed-type  skin  responses  indicates  the  potential  use¬ 
fulness  of  the  skin  test  for  early  diagnosis  of  cutaneous  leishman¬ 
iasis.  The  responses  elicited  during  early  infection  did  not  approach 
the  Intensity  of  responses  exhibited  during  the  healing  phase  of  the 
infection.  However,  32  ugm  TP  of  soluble  antigen  evoked  responses 
during  early  infection  which  were  of  sufficient  intensity  to  be  clearly 
recognizable  and  which  were  markedly  greater  than  those  produced  by 
leishmanln.  Evaluation  of  the  potency  of  antigen  preparations  would 
appear  to  be  most  suitably  performed  during  the  peciod  of  stable  and 
maximal  sensitivity  at  9  to  12  weeks  after  infection. 

CONCLUSIONS 


L.  enriettii  infected  guinea  pigs  exhibited  delayed-type  hyper¬ 
sensitivity  skin  responses  to  antigen  preparations  of  L.  brazillcnsis 
and  may  be  useful  models  for  the  evaluation  of  skin  test  srrigens. 
Delayed  hypersensitivity  skin  responses  to  L.  brazil lensix  antigens 
appear  to  be  maximal  and  stable  from  8  to  at  least  12  weeks  after 
infection  and  appear  to  be  optimal  for  the  evaluation  of  skin  test 
antigens. 

RECOlffENDATIONS 


The  onset  of  dela> ed-type  response*  elicited  by  leishmanln  and 
soluble  antigen  should  be  established  and  related  to  the  development 
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of  cutar.eou*  lesion*.  The  stability  of  skin  sensitivity  during  the 
healing  phase  of  infection  should  be  further  characterized.  The 
intense  responses  obtained  with  soluble  antigens  suggest  further 
evaluation  with  purified  antigens  as  a  means  of  increasing  Sensitivity 
and  specificity. 

PUBLICATIONS 


None 


STUDY  NO.  3  Immune  mechanisms  in 

leishmaniases 

PROBLEM 

Leishmaniases  constitute  a  group  of  vector-borne  protozoan  diseases 
among  which  some  forms  are  mutilating  and/or  life-threatening  to  man. 

At  present,  there  are  no  adequate  means  to  protect  military  personnel 
required  to  operate  in  endemic  areas.  Immunization  of  troops  before 
their  deployment  will  be  one  of  the  best  means  of  conferring  protection. 
The  long-lasting  immunity  conferred  by  healed  cutaneous  and  visceral 
leishmaniases  shows  the  potential  of  vaccine  research.  However,  the 
many  antigens  of  the  organism  present  a  major  problem.  These  antigens 
must  be  isolated,  purified  and  characterized,  and  their  capacity  to 
stimulate  immunity  must  be  ascertained  in  order  to  establish  their 
potential  protective  value.  Also,  the  roles  of  cell-mediated  and 
humoral  immunity  in  these  diseases  remain  to  be  clearly  delineated. 

The  identification  and  characterization  ot  circulating  immune  complexes 
will  add  considerable  knowledge  in  understanding  the  regulation  of  the 
immune  response  of  the  parasitized  host.  Prerequisite  to  this  approach 
is  the  necessity  of  entablishing  that  immune  complexes  do  indeed  occur 
in  leishmaniasis .  The  present  study  is  designed  to  explore  immunity 
in  leishmaniases  to  provide  a  better  understanding  of  the  mechanisms 
involved. 

RESULTS  AND  DISCUSSIONS  OF  RESULTS 


In  this  study,  blood  was  collected  from  hamsters  once  before  infection 
with  L.  brazil  iensis  and  at  frequent  intervals  thereafter.  Gama 
globulin  was  then  separated  from  the  sera  and  passed  through  a  Sepha- 
dex  G-200  gel  filtration  column  at  pH  10.5  to  elute  antigen-antibody 
components  dissociated  from  immune  complexes.  The  eluted  fractions 
were  then  tested  for  leishmanial  antigens  or  antibody  and  anti-comple- 
mentary  activity  by  microtiter  complement  fixation. 

Of  six  animals  with  cutaneous  leishmaniasis ,  all  showed  leishmanial 
antibody  of  the  IgG  iseunoglobulin  class  22  to  51  days  after  infection. 
Antigen  and  antibody  were  detected  in  the  se»vi  of  one  animal  before 
infection  and  were  not  defected  again  until  36  days  after  infection. 

A  second  animal  of  this  group  showed  both  components  only  at  29  days 
after  infection.  Both  of  two  animals  infected  with  L.  donovani  showed 
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antigen  and  antibody  in  sera  collected  24  daya  after  infection.  How- 
ever,  even  though  free  antibody  was  detected  in  some  fractions  of 
eluted  game  globulin,  the  presence  of  frt?  antigen  waa  not  confined 
because  of  anticomplementary  activity  of  the  fractions  suspected  to 
contain  leishmanial  antigen.  The  data  indicate  that  ianune  complexes 
may  not  have  dissociated  by  gel  filtration  at  pH  10.5,  or  that  dissoc¬ 
iated  components  of  similar  molecular  weights  were  eluted  in  the  same 
fraction.  In  the  latter  case,  it  is  likely  that  insune  Complexes  were 
re-established  when  the  pH  of  the  fractions  was  readjusted  to  the 
pH  (7.4),  required  for  carrying  out  the  complement  fixation  test, 
thus  rendering  such  fractions  anti-complementary. 

The  data  support  earlier  work  in  which  immune  complexes  of  unknown 
composition  were  found  in  the  glomeruli  of  human  patients  with  visceral 
leishmaniasis  and  confirm  our  earlier  work  in  which  the  presence  of 
lsuune  complexes  in  sera  from  hamsters  infected  with  L,  mexScMA  vas 
suggested  by  the  marked  increase  in  anti-complementary  activity.  In 
addition,  the  evidence  suggests  that  leishmanial  antigen  and/or  anti¬ 
body  may  be  detected  separately  or  simultaneously  in  the  sera  of 
infected  subjects,  rhe  findings  are  consistent  with  the  hypothesis 
that  chronic  parasitemia  results  in  persistent  shedding  of  antigen 
into  the  circulation  whereby  free  antibody  is  bound  in  immune  com¬ 
plexes. 

CONCLUSIONS 

Leishmanial  antigens  and/or  antibody  were  detected  simultaneously  cr 
separately  in  the  sera  of  experimentally  infected  hamsters.  This 
finding  confirms  our  earlier  studies  in  which  the  presence  of  circula¬ 
ting  immune  complexes  were  indirectly  demonstrated  by  the  marked 
increase  in  ant i -complement ary  activity  of  sera  from  Ijoishmani* 

Infected  subjects. 

RECOMMENDATIONS 

Studies  of  the  immune  response  to  infection  with  Leishauinis  should  be 
extended  to  include  the  detection  of  specific  antigen  and/or  antibody 
by  enzyme - immunoassay .  This  will  eliminate  problems  inherent  with 
complement  fixation  and  provide  significantly  greater  sensitivity. 


PUBLICATIONS 


RCiCAJICM  AMO  TECHNOLOGY  VOW  UNIT  UNHURT 

rarr  i  Autt 

I  DA  0E  6313  I 

rst-trer-rsr-ranT:- » LI . -""MU’"."";  '.»'u.a  e: ^LUU 

l  ■'I'M  1  JHB  ”4 

i «"r"*Tr""f .  '»• 


VC*lk  ••  w 


77  10  01  I  D.  Change  I  U 


62772A 


gsssagEa^jfOTi 


*l«k«  f »■!«■«>  <»>■»** 

(U)  Are*  Repellent*  for  Collective  Pr 


<<  »<•«■«•*«  u»  tUMivMKii  m*r 

005900  Environmental  Biolocv:  002600  Biology 


4  MfIMtMC'wl 


«  »«•«  Sot  Applicable 

4  «•••• 


•*  Lettersan  Army  Institute  of  Research 
M“*  Presidio  of  San  Francisco,  CA  94129 


Nt*MKkl  ^ "fc.1. 

Marshall,  j.  D.  ,  COL.,  MS 
(415)  561-3600  _ 


UH«I  -M 


*•**  Letteraan  Arttv  Institute  of  Research 
Division  of  Cutaneous  Hazards 
******  Presidio  of  San  Francisco,  CA  94129 

•w(i»n  <•*«»••«*'•■  MM  *•*!  a«MWN  — -MM** 

Hooper,  R.  L.  ,  C?T,  MSC 
miinmi  (h! 5)  5^1-356* 

•*<144  »»€«•■♦»  •  €<•%>•» 

M#C*4«C 


Wires,  R*  A.  ,  CPT,  MSC 

Foreign  Intelligence  Not  Appl  lcable _ Rutledge.  1.  C. ,  DAC  POC:  DA 


(f)  R^n^nt  (f>  Mosquito  (l*>  Disease  <U)  Prevention 

/  t*  \  Cai'wi  «  t  af  {  /  If  \  Y"W  an*  ra  »  1  P  r>  ■  *  4  fVRai'i  R  nr  PrA'arf  1.3*1  Tfnftnt 


ft  ftftMCfrt  *  14  M  ^  4ft  rmm  fM  | 

23.  (U)  Protection  of  troop*  froa  vector-borne  diseases  is  essential  to  maintaining  an 
effective  combat  force.  Repellents  currently  available  for  use  by  military  personnel 
are  not  totally  effective  nor  readily  accepted  by  the  user.  This  study  is  designed  tc 
test  and  evaluate  repellents  for  field  application  to  prcviie  collective  protection  of 
troops  on  an  area  basts. 

24.  (U)  Candidate  chemical  compounds  suitable  for  ar.*a  repel  lrnc>  and  compatible  with 
the  environment  will  be  identified.  Formulations  appropriate  fer  field  dissemination 
will  be  made.  Dispersal  equipment  will  be  selected  and  evaluated  for  field  use.  Repel¬ 
lent  formulations  will  be  field  tested  to  determine  application  rates,  biological  effec¬ 
tiveness,  duration  of  protection  and  economy  of  use. 

25.  (V)  77  10  -  78  09.  Methods  for  testing  candidate  compounds  for  area  rcpvllency 

have  been  developed.  A  series  of  natural  products  and  petroleum-based  materials  have 
been  tested  in  the  laboratory  for  biological  effectiveness  against  the  yellow  fever 
mosquito,  A«dee  aeg%pii  .  The  most  effective  of  the  natural  prodiets  tested  to  date  have 
been  geranlol  and  cltronellal.  The  most  active  of  the  petroleum  fractions  listed  to  da;< 
have  been  identified  as  substituted  naphthalenes.  Laboratory  testing  of  candidate  com¬ 
pounds  indicates  that  the  concept  of  area  repellents  is  feasible. 
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ABSTRACT 


PROJECT  NO.  3M162172A810  Military  Skin  Diseases 

WORK  UNIT  NO.  017  Area  Repellents  for  Collec¬ 

tive  Protection  of  Troops 
from  Vector-borne  Diseases 

Protection  of  troops  from  vector-borne  diseases  is  essential  to 
maintaining  an  effective  combat  force.  Repellents  currently 
available  for  use  by  military  personnel  are  not  totally  effec¬ 
tive  nor  readily  accepted  by  the  user.  Methods  for  testing  com¬ 
pounds  for  area  repellency  have  been  developed,  and  a  series 
of  materials  has  been  tested  in  the  laboratory  for  biological 
effectiveness  against  the  yellow  fever  mosquito,  Aedes  aegypti. 

The  most  effective  natural  products  tested  tc  date  have  been 
geranlol  and  citronellal.  The  most  active  petroleum  fractions 
have  been  identified  as  substituted  napthalenes. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  017  Area  Repellents  for  Col¬ 

lective  Protection  of 
Troops  from  Vector-borne 
Diseases 


PROBLEM 


The  need  Co  protect  the  military  population  from  vector-borne 
diseases  is  essential  for  the  maintenance  of  an  effective  combat 
force.  Arthropod-borne  diseases  continue  to  be  major  health  problems 
to  military  forces  in  overseas  areas  where  troops  arts  or  nay  be 
deployed,  and  where  endemic  foci  of  disease  exist.  The  use  of 
repellents  appear-,  o  be  the  most  practical  means  of  inter¬ 
rupting  arthropod-borne  disease  transmission,  especially  diseases 
for  which  vaccines  or  chemoprophy lact ic  drugs  are  not  available. 

The  development  of  an  effective  area  tepellent  could  protect  troops 
in  areas  of  increased  personnel  activity  without  the  disadvantages 
and  shortcomings  of  skin  repellents  currently  available  in  the 
military  supply  system. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Methods  for  the  testing  of  candidate  compourds  for  az-.-a  repellcncy 
have  been  developed  utilizing  a  60  x  60  x  60  cm  I’lexiglas^-screcn 
cage  and  suckling  white  mice.  Candidate  ‘-ompounds  in  the  following 
categories,  which  have  exhibited  area  repellcncy  in  literature 
reports,  have  been  procured  for  testing:  (1)  natural  products, 
l,.1)  petroleum  distillate  fractions  between  kerosene  and  fuel  oil, 
and  (3)  repellents  currently  used  for  topical  and  cloth  application. 

A  series  of  21  natural  products  and  petroleum-based  materials 
nave  been  tested  in  the  laboratory  for  biological  effectiveness 
against  the  yellow  fever  mosquito,  Ac  den  go  fry  The  most  effective 

of  the  natural  products  tested  to  date  have  been  gcraniol  and  citron- 
ellal.  The  most  active  of  the  petroleum  fractions  have  been  identified 
as  substituted  naphthalenes. 

CONCLUSIONS 

Laboratory  testing  of  candidate  compounds  indicates  that  the 
concept  of  area  repci  Icr.cy  is  feasible  under  certain  environmental 
con  1 1  Jrns . 

RECOMMENDATIONS 

Laooratory  testing  of  candidate  compounds  against  Acdee  aegypti  should 
be  continued  and  the-  testing  procedures  should  be  expanded  to  include 
4 nophelee  fitcphar.ei,  An.  and  Cuiex  pipena.  Field  testing  of 

the  compounds  exhibiting  the  highest  biological  activity  in  laboratory 
tests  should  oe  initiated. 
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23.  (U)  Capabilities  will  ba  provided  to  respond  to  the  requirement*  of  the  DoD  Food 
ROTiEl.T.  rrogran  (*R  70-3}  for  nutritional  studies  for  all  nllltary  •ervlces. 

Objectives  are  (a)  to  provide  essential  information  on  the  nutritional  adequacy  of 
feedinK  systems,  rations,  and  dietary  standards  for  nllltary  personnel  in  all  environs; 
(b}  to  evaluate  the  nutritional  Intakes  and  status,  physical  status,  body  composition, 
and  vork  capacity  of  nllltary  to  ensure  that  performance  is  not  lnpalred  by  Improper 
nutrition;  (c)  to  evaluate  the  chenlcal  and  nutrient  composition  of  present  and  future 
rations;  and  (d)  to  provide  statistical  and  computer  support  for  these  objectives, 

24.  a>  Information  is  obtained  through  clinical  examinations,  dlstary  diaries,  food 
analyst*  and  Intake  measurements,  blood  and  urins  biochemistries,  anthropometry  and 
physical  performance  tests.  Dats  srs  mathematically  and  statistically  evaluated  by 
cosputer  progran*.  Unique  military  nutrition  problem*  submitted  by  the  services  art 
studied  through  workshops,  symposia,  or  research. 

23.  (V)  77  10  -  78  09  An  Institute  Report  was  published  comparing  average  dining  hail 

nutrient  intakes  and  wastes  before  end  after  changing  feeding  systems  st  boring  AFB  and 
nutrient*  for  Individuals  art  being  evaluated.  The  Institute  Report  of  dlery-lntervlow 
intakes  iron  NAS-Alaoeda  personnel  was  published  and  individual  Intakes  from  dining  h«ll 
~eal*  art  being  processed.  Biochemical  analyses  of  blood,  urine,  and  foods  from  KAS- 
A.ancda  and  Tventynine  Raima  JJCB  vs-#  completed.  Two  intorln  reports  vers  prepared  for 
evaluations  of  dining  hall  meal  nutrients  and  Individuals'  dally  Intakes  for  Twontynlno 
Tains.  An  interim  report  on  the  present  afloat  feeding  system  and  plans  for  a  study  of 
the  -odified  system  were  completed.  Further  progress  was  usds  in  updating  the  LAIR 
:  utr i«nt  factor  fils  and  the  computer  programming  for  nutrient  calculations. 
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PROJECT  SO,  3Mf>277Aoll  Military  Nutrition  and  Food  l!yp, lane 

'fORit  US  IT  SO.  001  Sutrition  Studies  in  Support  of  DOD 

Food  Program 

Tae  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  SO.  3  Sutrition  survey  at  Loring  AF3,  Maine 

STUDY  SO.  *»  Sutrition  survey  at  Saval  Air  Station,  Alameda 

ADDENDUM  A  Phase  II  of  study  to  evaluate  changes  in  nutrient 
Intakes  after  renovation  of  dining  facility  and 
initiation  of  a  la  carte  feeding  svsten 

ADDENDUM  B  Phase  III  of  study  to  evaluate  the  biochemical 
and  clinical  indices  of  nutritional  status  and 
survey  food  intakes  (In  dining  hall,  other  sources, 
and  total)  of  sailors  on  the  COMKAT  a  la  carte 
svsten 

STUDY  NO.  5  A  series  of  nutrition  surveys  to  evaluate  the  effects 
of  changing  feeding  systems  (to  an  all  COMRAT/a  la 
carte  system)  at  Tventynlne  Palms,  California,  upon 
nutrition  consumption  and  nutritional  status  of  the 
•tar  Inc 

STUDY  NO.  ()  A  hefore-and-aftor  series  of  nutrition  surveys  to 
evaluate  the  effects  of  nodif icatlons  to  Navy  food 
service  system  afloat  on  nutrient  intake 

STUdY  NO.  8  Evaluation  of  the  MCI  and  MRK  rations  as  the  sole 
subsistence  for  an  extended  period 

STUDY  NO.  9  Nutrient  Intake  data  system,  development  and  maln- 
tenance 

STUDY  NO.  3  A  study  of  the  nutritional  impact  of  initiating  an  all 
KAS/a  la  carte  item  pricing  system  of  feeding  enlisted  personnel  was 
conducted  at  Lorlng  Air  Force  Base  by  monitoring  average  food  intake* 
and  wastes,  and  obtaining  individual  tray  inventories  from  each  patron 
bafora  and  aftar  initiating  tha  new  system.  An  Institute  Report  was 
published  comparing  averaga  nutrient  consuaptions  and  food  wastes  before 
and  after  implementing  this  feeding  system.  Computer  programming  and 
data  verification  of  the  individual  tray  data  were  completed,  and  total 
nutrients  for  each  tray  and  for  each  person  during  the  individual  stud¬ 
ies  have  been  computed  and  are  being  statistically  analysed.  These 
data  will  provide  for  a  thorough  evaluation  of  th*  effects  of  the  food 


service  changes  upon  the  nutritional  intakes  of  these  pntrons. 

STUDY  NO.  4  An  additional  study  of  the  effects  of  a  BAS/caalt  a  la 
carte  feeding  system  on  the  nutritional  adequacy  of  enlisted  personnel's 
diet  was  conducted  at  Naval  Air  Station,  Alameda.  Dictarv  diary-inter- 
viev  data  from  the  conventional  and  the  cash  a  la  carte  system  have 
been  evaluated  and  an  Institute  Report  has  been  submitted  for  publica¬ 
tion.  Computer  programming  and  data  verification  of  individual  tray 
inventories  from  two  17-day  studies  of  the  dining  hall  are  progresaing. 

STUDY  NO.  5  The  initial  report  summarizing  the  'rient  intakes  of 
the  enlisted  Marine  population  at  the  Twentynine  ’^alms  Marine  Corps 
base,  California,  prior  to  food  service  system  modification  haa  been 
revised  and  reviewed  again.  Revision  Included  further  statistical 
analysis  of  the  data  and  inclusion  of  demographic  and  anthropometric 
data.  The  reason(s)  for  the  reported  low  energy  Intakes  of  the  Marines 
(FY  77  Annual  Progress  Report,  pp  202-204)  remaln(s)  unknown.  None  of 
the  Marines  in  the  study  population  was  below  the  military  wight  for 
height  standards,  and  the  percentages  of  body  fat  were  within  the  nor¬ 
mal  range.  A  protocol  addendum  has  been  written  and  approved  to  inves¬ 
tigate  the  energy  requirements  of  the  Twentynine  Palms  Marine  population. 
Plans  have  been  formulated  for  the  second  nutrition  study  to  assess  the 
nutritional  impact  of  the  food  service  system  changes  Implemented  bv 
NARA0C0M  on  the  enlisted  personnel. 

STUDY  NO.  6  The  analyses  of  the  dietary,  demographic,  and  anthropo¬ 
metric  data  obtained  from  203  Naval  personnel  messing  afloat  have  been 
essentially  completed.  Recomnendations  to  improve  the  nutrient  intakes 
and  nutritional  health  of  sailors  at  sea  have  been  Incorporated  into 
the  new  fast-food  service  system  being  tested  on  the  USS  Saratoga.  It 
la  imperative  that  a  followup  study  be  conducted  to  evaluate  the  effec¬ 
tiveness  of  the  nutrition  intervention  program  and  the  overall  nutri¬ 
tional  impact  of  the  new  system. 

STUDY  NO.  8  A  protocol  was  prepared  to  determine  how  long  personnel 
could  subsist  upon  present  and  future  combat  rations,  what  the  nutri¬ 
tional,  physiological,  and  psychological  effects  of  long-term  (up  to 
90  days)  subsistence  on  rations  would  be,  and  how  to  Improve  or  supple¬ 
ment  these  rations  to  assure  that  personnel's  heslth  would  not  be  detri¬ 
mentally  affected  by  sole  subsistence  on  rations.  This  study  cannot  be 
initiated  under  present  budgetary  restrictions. 

STUDY  NO,  9  Nutrient  Intake  Date  System  (NIDS)  is  a  system  of  computer 
programs  for  calculation  of  nutrient  contents  of  dining  hall  meals  and 
of  the  total  dally  intakes  of  individuals.  The  malor  programs  of  ths 
systsn  have  been  completed  or  are  nearly  completed,  and  several  parts 
of  the  system  havs  been  used  through  "one-time"  programs  to  accomplish 
specific  goals.  The  LAIR  Nutrient  Factor  file  was  extensively  updated 
by  adding  the  concentrations  of  cholesterol,  protein  from  enlmal/plant 
sources,  and  fat  from  an  inal/plant /marine  sources  contalnsd  in 
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WORK  UNIT  NO.  001  Nutrition  Studies  in  Sunport  of  IX)D 

Food  Program 

STUDY  NO.  3  Nutrition  Survey  at  Coring  AFB, 

Maine 

PKOUUM 

The  health,  combat  ef fectivenisa,  physical  fitness  and  performance 
capabilites,  and  mental  functioning  of  railltarv  personnel  are  affected 
by  the  nutritional  status  of  the  Individual.  Forncrlv,  our  military 
forces  were  assured  a  nutritionally  adequate  diet  bv  the  provisions 
of  well-balanced  neals  in  the  dining  halls,  which  were  the  nulor  source 
of  tlie  soldier's  food  intake.  As  the  unlisted  personnel  became  more 
affluent  and  had  greater  liberties  under  the  concepts  of  the  Modem  Arnv, 
tite  contrlbut ion  of  the  nilitarv  dining  halls  to  his/her  total  nutrition 
decreased.  To  counteract  the  reduced  utilization  of  military  dining  fa¬ 
cilities,  cite  nilitarv  services  began  modernizing  the  feeding  svsten. 
Included  in  tite  changes  were  menu  alterations  which  gave  minimal  con¬ 
siderations  to  tite  nut rit tonal  adequacy  of  the  diets.  One  of  these  new 
feeding  concents  that  is  favored  bv  tite  Air  lorce  is  the  BAR /a  la  carte 
(iten  priced)  system.  This  concept  was  tested  at  Lorlng  Air  Force  Base, 
and  L\Id  was  requested  to  evaluate  the  adequacy  of  nutritional  consump¬ 
tions  that  would  occur  with  the  new  feeding  svsten. 

kcsults  amp  aiders*; ion  of  Kr.sius 

to  determine  the  effects  of  changing  feeding  svstens  upon  nutritional 
balance  of  reals  consumed,  2  studies  were  conducted  at  boring  Arll. 

A  J-dav  evaluation  of  tite  conventional  feeding  svnter  was  conducted 
in  October  19/4,  and  a  3-dav  study  of  the  ilAS/a  la  carte  svsten  wan 
done  In  November  19/3.  An  Institute  Report  comparing  average  nutrient 
consuitpt ions  fror  Jilting  hall  neal.s  was  published  in  December  1977,  In 
audition,  the  Air  ro>ce  took  photographs  of  all  individual  tray*  of  food 
during  both  of  these  studies  and  provided  conics  of  these  fllus  to  LAIR, 
dietitians  extracted  the  information  on  Individuals'  food  selections  and 
the  Department  of  Information  Science*  provided  programming  and  data 
processing  to  obtain  nutrient  consumptions  for  caclt  person  eating  in  the 
dining  hall.  These  data  arc  being  .statistically  analyzed  and  will  be 
published  as  another  report, 

CONCLUSIONS 

The  conclusions  from  the  evaluations  of  average  meals  consuned  in  the 
dining  itall  were  presented  In  the  fY  77  Annual  Progress  Report  And  the 
Institute  Report  No.  43.  flte  results  of  the  individuals'  nutrient  con¬ 
sumptions  are  fccinj  evaluated  and  are  not  vet  available. 
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K  ECO!  MEN  UAT  IONS 

The  UAS/a  la  carte  feeding  svsten  should  not  be  broadly  expanded  until 
nore  studies  have  been  evaluated.  Further  reconmendat iona  for  improve- 
taent  of  this  feeding  concept  should  be  forthcoming  from  the  evaluation 
of  individuals'  food  and  nutrient  Intakes. 

STUbY  .JO.  4  Nutrition  Survey  of  the  Naval  Air 

Station,  Alameda,  California 

ADDENDUM  A  Phase  II  of  study  to  evaluate  changes  in  nutrient  in¬ 
takes  after  renovation  of  dining  facilities  and  initiation 
of  a  la  carte  feeding  svsten 

ADDENDUM  3  Phase  III  of  study  to  evaluate  the  biochemical  and 

clinical  indices  of  nutritional  status  and  survev  food  in¬ 
takes  (in  dining  hall,  other  sources,  and  total)  of  sailor 
on  the  OVJHAf  a  la  carte  system 


PROBLEM 

(Sane  as  for  Studv  No.  3,  and  in  addition)  The  Department  of  Defensa 
directed  nil  services  to  test  the  all  COHRA'f  (BAS) /cash  a  Is  carte 
feeding  concept.  The  Navy  Food  Service  System  Office  submitted  a 
requirement  under  OPNAVINST  J900.26B  (AR  70-J)  for  an  evaluation  of  Nnw 
feeding  systems,  and  Natick  Amv  Research  and  Dcvclonnent  Command  (NARADCOM) 
responded  to  this  requirement  and  requested  that  LAIR  conduct  a  nutritional 
evaluation  of  the  svntems  in  conjunction  with  their  studies. 

RESULTS  AND  DISCUSS  ION  OF  RESULTS 

A  nutrition  study  was  conducted  at  Naval  Air  Station,  Alameda  (NAS/ 

Alameda),  California  to  evaluate  the  nutritional  impact  of  conversion 
from  the  existing  nixed  ration-in-kind  (RIK)  commuted  ration  (COMRAT) 
standard  dining  hall  svsten  to  an  ali-COMKAT  Cash  a  la  Carte  svsten. 

Phase  1  was  conducted  in  March  19  7)  to  study  the  existing  nixed  RIK/  j 

COMRAT  system.  Phase  2  was  conducteu  in  June  197b  as  an  Interim  > 

study  following  conversion  to  the  Cash  a  la  Carte  systen  which  was  in-  ! 

pleuentcd  on  l  March  19  7o.  Puase  i  was  conducted  in  August  197b, 
following  a  3-month  stabilization  period.  Phases  1  and  3  encompassed 
dining  hall,  blochemical/cl inlcal ,  and  total  dietary  Intake  aspects. 

Only  the  total  dietary  intake  aspect  was  assessed  in  Phase  2. 

Dining  hall  attendance,  nutrient  intake  per  dining  hall  meal,  and 
total  daily  nutrient  intake  data  were  obtained  by  a  dlarv-lntervlew 
technique  from  443  male  enlisted  personnel.  As  previously  reported 
in  1<*76  and  1977  Annual  Progress  Reports,  the  Increased  rate  of  dining 
hall  utilisation  by  single  and  married  COMRAT  status  personnel  did 
not  completely  compensate  for  the  narked  decrease  in  utilization  by 
RIK  personnel  converted  to  COMRAT  status. 


179 


The  major  nutritional  impact  of  the  item-pricing  policy  was  to  reduce 
•ilk  and  milk-product  consumption  markedly  and,  consequently,  vtldum 
and  riboflavin  Intakes  per  dining  hall  meal.  Iten-pricing  also 
reduced  citrus  juice  and  citrus  fruit  consumption  and,  consequently, 
ascorbic  acid  intakes  per  dining  hall  mal.  The  average  energy,  pro¬ 
tein,  phosphorus,  iron,  and  thiaain  Intakes  per  dining  hall  seal  also 
decreased.  Item-pricing  and  modifications  to  the  menu  were  not 
effective  in  reducing  the  percent  of  calories  derived  f roe  fat  sources. 
Although  nutrient  intakes  per  dining  hall  iseal  decreased  under  the 
new  system,  the  mean  intakes  (with  the  exception  of  energy)  still 
met  or  exceeded  one-third  of  the  ■ilit ary  dally  allowances  for  these 
nutrients. 

The  Cash  a  la  Carte  system  had  an  undeairable  nutritional  impact  upon 
tha  total  dally  nutrient  intakas  of  former  RIK  personnel.  This  was 
due  to  the  combination  of  reduced  dining  hall  utilisation  and  re¬ 
duced  nutrient  Intakes  per  dining  hall  asal.  The  total  daily  milk 
and  allk-product  consumption  ol!  the  RIK  group  markedly  decreased  with 
a  corresponding  decrease  in  calcium  end  riboflavin  consumption.  Further¬ 
more  ,  the  percentage  of  RIKe  with  calcium  and  riboflavin  intakas  below 
the  tecoamanded  dally  allowances  increased  after  implementation  of 
the  Ceeh  e  le  Certe  system.  The  changes  associated  with  item-pricing 
did  not  significantly  affect  the  total  dally  nutrient  intakes  of  single 
end  married  personnel  on  COHRAT  because  these  groups  consumed  less  thas 
121  of  their  daily  celoriee  in  the  dining  hell. 

Significant  progress  has  been  made  in  developing  computer  programs  to 
process  tha  individual  in-dining  hell  food  selection  end  plate  waste 
date  obtained  during  Phases  1  and  3  of  thi©  study.  This  large  volume 
of  data  (approximately  35,000  individual  meals)  has  required  an 
extensive  date  verification  effort  which  is  nearing  completion.  These 
individual  tny  selection  and  wssts  data,  when  coupled  with  an  analyst 
of  tha  clinical,  biochemical,  and  anthropometric  data  will  contribute 
to  a  mors  extensive  end  complete  evaluation  of  the  nutritional  impact 
of  t.ie  Cash  a  la  Carte  system. 

CONCLUSIONS 

The  conclusion  that  conversion  of  all  RXK  personnel  to  CCffltAT  status 
will  markedly  reduce  dining  hell  attendance,  as  observed  et  NAS /Alameda, 
can  be  protected  to  other  military  installations  that  offer  many  smadlly 
avail able  alternative  food  outlets ,  A  decline  in  dining  hall  utilisa¬ 
tion  la  a  potential  threat  to  tha  training  baas  for  food  service 
ocrsonnel  necessary  for  faediag  afloat.  Docraasad  dining  hall 
utilisation  was  a  primary  factor  contributing  to  tha  lees  than  desirable 
nutrient  intake  patterns  of  the  RXK  group  after  conversion  to  COHUT 
statue.  Item-pricing  of  milk  in  the  dining  hall  at  a  price  identical 
to  that  of  leas  nutritious  competing  beverages  reduced  milk  consumption 
end  subsequently  reduced  the  total  daily  calcium  and  riboflavin  intakes 
of  patron*  who  consumed  e  substantial  number  of  meals  in  the  dining  ha|l. 
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RECOWEMDAIIOWS 


We  r»r  f— n  1  «  discontinuation  of  converting  all  RIK  status  personnel 
to  COHSAT  status.  However,  lien-pricing  could  ba  uaad  to  promote  lm- 
p roved  food  habits  and  nutrient  Intakes. 

STUDY  KO.  5  A  series  of  nutrition  surveys  to 

evaluate  the  effects  of  chanting 
feeding  systetss  (to  an  all  OOMRAI/a 
la  carta  systea)  at  Twentyntne  Palms, 
California  upon  nutrient  consumption 
and  nutritional  statua  of  the  Marine 

PROBLEM 

The  erf acts  of  changing  feeding  systems  upon  nut riant  consumptions  and 
nutritional  status  of  the  Marine  vers  evaluated  to  assure  that  his/her 
military  capabilities  are  not  adversely  affects4  b>  poor  nutrition. 

Any  change  In  the  feeding  system  has  the  poteen  il  /»•*.  influencing  the 
nutritional  status  of  personnel.  The  Marine  Corps  submitted  a  require¬ 
ment  to  the  DOD  Food  RUT  4  Eng  Program  for  an  analysis  of  the  food 
service  system  at  Iventyuine  Palms  Marine  Corps  Base.  The  analysis 
vas  to  Include  alternatives  for  Improving  this  system.  Operational 
Research  and  Syetema  Analyses  Office  (OR/SA)  of  NAPADGOM  Is  conducting 
a  test  of  a  new  system  (several  types  of  dining  facilities,  e.g. ,  A- 
ration  dining  halls s  short -order  dining  halls,  steak  houses,  and 
specialty  houses  serving  ethnic  foods).  The  test  Is  a  multi-year 
effort  with  Individual  goals  of  changing  decors  of  dining  facilities, 
updating  kitchen  equipment  and  cooking  methods,  modernising  serving 
concepts,  and  evaluating  Marine  Oorps  operation  of  the  system  after 
test  personnel  have  relinquished  control.  A  definitive  evaluation  of 
the  nutritional  lapact  of  the  rev  system  upon  the  Marine  would  require 
e  series  of  surveys,  one  of  the  conventional  system  for  control  data, 
and  one  after  each  goal  has  been  attained. 


RESULTS  AMD  DISCUSSION  OP  RESULTS 

Total  dally  nutrient  Intake,  nutrient  intake  per  dining  hell  meal  con¬ 
tused,  and  dining  hall  attendance  data  were  obtained  by  a  dlary- 
lnterviev  technique  from  279  mala  and  16  female  enlisted  personnel 
during  a  nut vl ton  study  conducted  at  Twsntynlns  Palms  Marins  Corps  East, 
California  during  March  1977.  This  Information  will  serve  as  base¬ 
line  date  to  measure  the  nutritional  impact  on  Marina  personnel  of 
food  service  system  changes  designed  to  lap rove  customer  scceptamce 
and  utilisation.  The  results  of  this  study  have  bean  revised  and 
reviewed.  Revision  Included  further  statistical  analysis  of  the 
data  and  Inclusion  of  demographic  sad  anthropometric  data* 

Only  one  of  the  groups  In  the  diary- interview  portion  of  the  study 
reported  dally  energy  Intakes  adequate  to  meet  the  military  energy 
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allowances  established  for  node rat ely  active  persons  living  in  a 
temperate  environment,  Between  oj  and  B3%  of  the  personnel  of  the 
other  four  groups  were  500  kcal  or  nore  below  the  allowance,  done  of 
the  Marines  studied  were  below  the  tsilitarv  wight  for  height  standards, 
and  although  the  percentages  o.  body  fat  were  significantly  lower  than 
values  of  nreviously  studied  nilitarv  ponulntions,  thev  were  within 
tue  nornal  range.  However,  since  energy  expenditure  and  weight  change 
were  not  monitored  during  the  first  study,  the  renson(s)  for  the  low 
energy  intakes  is(arc)  unknown.  The  accuracy  of  the  reported  energy 
intake  values  is  critical  to  the  interpretation  of  the  other  nutrient 
consultation  values.  Therefore,  in  order  to  evaluate  the  Marines'  total 
daily  nutrient  intakes,  and  in  order  to  propose  valid  rc Conner dat ions 
ba:ied  on  this  evaluation,  energy  expenditure  and  weight  change  will  be 
studied  in  future  Twentvnine  Palms  nutrient  intake  studies. 

In  addition  to  reported  low  energy  consumptions,  between  20%  and  60* 
of  the  population  consumed  diets  low  in  vitamin  A.  The  diets  of  the 
women  were  low  in  iron,  nrotcln,  and  thlauln  for  782,  33*,  and  20%, 
respectively ,  of  the  group.  Approximately  20%  of  the  Rat  ions- in-Kind 
(RIK)  personnel  from  the  Force  Troops  units  consumed  diets  with  low 
thlauln  density.  Average  dining  hall  utilization  was  between  40%  and 
50*  for  RIK  men,  and  28%  for  RlK  women. 

CONCLUSIONS 

Results  of  the  study  and  the  suggested  menu  not' ificat ions  to  elevate 
vitanln  A  content  and  lower  the  percentage  of  fat  calories  in  the 
meals  served  in  the  dining  halls  have  been  conrmnicated  to  NARAbCOM 
and  to  the  Twentvnine  Palms  Marine  Food  Service  Svstem  Officer.  However, 
the  food  service  is  limited  in  its  capability  to  improve  the  nutrition 
of  individuals.  If  nutritionally  adequate  and  acceptable  food  is 
provided,  it  then  becomes  the  .'Urine's  responsibility  to  improve  his/ 
her  nutrition.  A  Marine  program  to  provide  nutritional  guidance  in 
altering  food  selection  and  food  habits  must  be  developed  for  Marines 
in  order  to  correct  and  prevent  nutritional  problems. 

RLOX&iKNPATIONS 

1.  iinergv  requirements  of  male  and  female  Marines  at  Twentvnine  Palms 
Marine  Corps  Base  should  be  investigated, 

2.  The  vitanln  A  content  should  be  increased  and  the  percentage  of  fat 
calories  should  be  lowered  in  meals  provided  bv  enlisted  dining  hall 
facilities. 

3.  Iron  supplements  should  be  free  and  easily  available  to  the  female 
population  and  their  use  encouraged. 
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4.  Increased  usage  of  base  dining  hall  facilities  bv  RIK  personnel, 
particularly  the  women,  should  be  encouraged. 

5.  A  Marine  Nutrition  Education  and  Awareness  Program  to  prevent  and 
correct  individual  nutritional  problens  should  be  developed. 

STUDY  HO.  6  A  befort-and-after  aeries  of  nutri¬ 

tion  survey*  to  evaluate  the  effects 
of  modifications  to  Haw  food  service 
systems  afloat  on  nutrient  intake 


PKOdLLM 


Tl»e  Department  of  the  Navy  requested  that  a  study  be  conducted  aboard 
a  Forrestal  class  aircraft  carrier  to  define  the  problems  that  exist 
with  davy  afloat  food  service  systems.  Thev  requested  that  qualitative 
and  quantitative  alternatives  to  the  existing  svsten  be  dcveloocd  to 
achieve  inorovenents  in  user  acceptance^  greater  efficiency  in  onera- 
tlons,  reduced  costs  and  manpower  requirements,  and  that  architectural 
and  design  concepts  be  proposed  to  improve  the  total  food  service  en¬ 
vironment.  HARADCOM  has  implemented  a  test  of  a  fast-food  service 
svsten  in  the  forward  galley  of  the  I'SS  Saratoga  ns  a  solution  to  some 
of  the  problems  »»f  food  delivery.  LA  IK  has  conducted  a  study  of  the 
adequacy  of  the  nutritional  intakes  of  the  crew  nrior  to  modification 
of  the  food  service  svsien.  There  rennins  the  requirement  to  evaluate 
the  nutritional  impact  of  the  new  system  which,  if  accented  for  use 
davy-wide,  will  affect  11.!, 000  enlisted  personnel  messing  afloat,  each 
dav. 

RESULTS  Add  DISCUSS Wii  OF  RESULTS 


Too  July-August  1077  nutrition  survey,  conducted  aboard  the  USS 
Saratoga  during  operations  in  the  Mediterranean  area,  identified  a 
number  of  areas  of  nutritional  concern  that  existed  prior  to  modifica¬ 
tions  of  the  food  service  system.  These  concerns  included; 

•  fne  ship’s  supply  of  nils,  was  depleted  after  4  to  6  davs  at  sea 
due  tc  insufficient  chill  snace,  The  lack  of  milk  dircctlv  contributed 
to  an  increased  incidence  of  low  and  marginal  calcium,  riboflavin,  and 
vitamin  A  intakes. 

*  Meals  (mostly  short-order)  offered  and  consumed  in  the  Forward 
Galley  were  low  in  vitamin  A  and  vitamin  C.  Poor  food  habits 
(infrequent  consumption  of  dark-green  and  vellow  vege. tables  and  citrus 
fruits)  of  some  individuals  also  contributed  to  a  relatively  high 
incidence  of  low  and  marginal  intakes  of  certain  nutrients,  especially 
vitamin  A. 


* 
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2.  Baaed  upon  the  findings  of  the  follov-up  study,  recommendations 
should  be  nad*  to  the  Department  of  the  davy  on  what  aspects  of  the 
test  system  should  be  implemented  on  other  ships  in  the  fleet. 

b.  A  research  effort  should  be  initiated  at  LAIR  to  develop  an  of fee- 
tlve  Nutrition  Education  and  Awareness  Program. 

STUDY  .40.  8  Evaluation  of  Che  MCI  and  MRE 

rations  as  sole  subsistence  for 
an  extended  period 

PROdUM 

.4c  long-term  study  has  been  conducted  on  the  use  of  either  the  present 
MCI  or  future  MRE  combat  ration  as  sole  source  of  subsistence;  however, 
military  contingency  plans  for  the  future  include  this  concept.  Although 
each  meal  of  these  rations  contains  at  least  onc-third  of  an  adult's 
allowance  of  all  Known  required  nutrients  (excluding  water)  when  pro¬ 
cured,  both  rations  are  comprised  of  onlv  12  taeals  and  lor.g-tem  stabil¬ 
ity  of  some  vitamins  are  not  assurad.  With  only  12  meals  available  (and 
food  preferences  of  the  individuals  would  reduce  the  number  acceptable 
to  him  or  her) ,  the  menu  would  become  monotonous  and  total  nutrient  con¬ 
sumptions  would  be  expected  to  be  drastically  reduced.  Deterioration  of 
labile  vitamins  could  result  iu  nutritional  deficiencies  in  the  consumer 
that  would  adversely  affect  his/her  mental  and/or  physical  performance. 
Therefore,  it  is  imperative  that  this  study  be  conducted  before  we  have 
a  military  operation  with  only  rations  available.  Excessive  casualties 
due  to  inadequate  nutrition  ruy  compromise  the  entire  operation. 

RESULTS  AMD  DISCUSS I OM  OF  RESULTS 

Further  prog. ass  on  this  study  is  awaiting  the  availability  of  the 
new  MUE  rations  and  the  status  of  funds  for  this  project  area. 

CO.4CLUSIO.4S  AMD  RECOMMENDATIONS 

A  long-term  feeding  study  with  each  ration  as  the  sole  source  of 
subsistence  should  be  conducted.  Personnel’s  food  consumption, 
nutritional  status,  body  weight  and  composition,  mental  and  physical 
capacities,  and  military  performance  of  duties  should  be  monitored. 

This  study  should  be  conducted  before  rations  are  accepted  as  the 
only  food  available  during  a  military  operation. 

STUDY  .40.  9  Rutrient  Intake  data  svstem, 

development  and  maintenance 

PROBLEM 

A  nutrition  study  includes  a  detailed  monitoring  of  foods  consumed 
by  individuals  and  grnupn,  in  military  dining  facilities  and  away 
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froa  them,  both  from  observation*  and  from  the  analyst*  of  diaries 
kept  by  individuals.  The  analyses  of  these  data  require  the  use  of 
a  coaputer  because  of  their  large  voluae  and  coaplexlty.  Programs 
are  needed  to  aalntain  files  and  process  data  collected  during  studies, 
maintain  files  of  nutrients  in  foods,  and  to  calculate  nutrients  con¬ 
sumed.  The  validity  of  these  nutrient  calculations  depends  upon  current 
inforaatlon  on  the  foods  consumed.  Therefore,  considerable  updating  of 
the  nutrient  factor  file  is  needed  to  reflect  additional  foods  and  the 
latest  inforaatlon,  both  froa  published  values  and  from  laboratory 
analyses,  on  nutrient  contents  of  food  items. 

RESULTS  ASP  DISCUSSION  OF  RESETS 

Two  major  efforts  have  been  ongoing  in  this  area,  computer  programming 
and  updating  the  nutrient  factor  file.  A  system  of  programs  (Table  1) 
has  been  designed  for  data  base  aanageaent  and  for  nutrient  calculations. 
Some  programs  have  been  completed  and  others  are  being  coded  and  tested. 
NIDSNF  was  completed  first,  since  data  calculations  require  a  file  of 
nutrient  -.oncent  rat  ions.  NIDSDB  has  been  completed,  although  it  needs 
aajor  modifications  to  Increase  its  utility.  Programs  that  are  nearing 
coapletion  are  NIDSDH  (will  require  major  modifications  to  utilise 
LAIR-analyzed  data),  NIDSGC  and  NIDSDR.  Programs  which  have  not  been 
started  are  NIDSTI,  NIDSPW,  NIDSIS,  NIDSIC,  and  NIDSSC;  however,  most 
of  these  have  been  simulated  with  "one-time"  programs  and  system  librar¬ 
ies  to  process  specific  data.  The  programs  that  have  been  completed 
or  are  nearly  completed  represent  the  major  programs  of  the  system  and 
the  majority  of  the  total  effort.  The  nutrient  factor  file  that  is 
maintained  by  NIDSNF  has  had  several  recent  enhancements  (Table  2). 

This  computerized  file  describes  approximately  2500  food  items,  including 
nutrient  concentrations.  These  data  were  derived  from  standard  food 
composition  handbooks,  published  literature,  in-house  laboratory  analyses, 
and  food  manufacturers.  The  file  requires  continual  input  for  maintenance 
of  accuracy,  revising  old  values,  and  the  addition  of  values  for  new 
foods.  During  FT  78,  complete  nutrient  files  were  established  for  cho¬ 
lesterol,  the  quantity  of  protein  from  animal/plant  sources,  and  the 
quantity  of  fat  from  anlnal/plant/marine  sources.  A  significant  number 
of  values  have  been  added  to  the  file  for  vitamin  E,  vitamin  Bg,  vitamin 
B) 2t  folic  acid,  magnesium,  copper,  zinc,  manganese,  pantothenic  acid, 
and  fatty  acids.  In  addition,  a  master  recipe  file  was  established  to 
utilise  recipe  data  to  calculate  nutrients  for  a  specific  food  dish 
when  values  were  not  available. 

CONCLUSIONS 

The  Nutrient  Intake  data  system  (NIDS)  is  nearing  completion  with  the 
major  programs  either  completed  or  nearly  completed.  The  nutrient 
factor  file  has  been  updated  with  the  most  current  nutrient  values  and 
additional  new  foods.  Therefore,  future  nutrition  investigations  can 
be  evaluated  with  greater  efficiency  and  results  will  be  the  most  cur¬ 
rent  available. 
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RECOMMENDATIONS 

l.  The  remaining  prosrams  of  NIDS  should  be  completed  and  the  system 
evaluated  for  efficiency  and  versatility  for  all  cvpes  of  nutrition 
studies. 


2.  The  nutrient  factor  file  should  be  continually  updated  and  expanded  J 

as  analyzed  nutrient  values  become  available.  | 

J 

3.  Annual  editing  of  the  file  should  be  continued  to  maintain  accuracy.  t 

4.  Users  should  be  encouraged  to  utilize  this  file  In  their  programs.  f 
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Tabic  2  -  Knhancements  to  the  LAlk  Nutrient  Factor  File 
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23,  (I’)  Military  nan  and  women  nay  be  placed  in  stressful  situations  that  can 
significantly  alter  their  nutritional  requirements  «and  Influence  their  military  effec¬ 
tiveness  and  health.  One  general  objective  is  to  conduct  research  pertaining  to  the 
adequacy  of  military  diets  and  nutrient  requirements,  intake  and  nutritional  status  of 
all  military  personnel.  The  investigations  are  aimed  to  provide  Increased  knowledge 
concerning  (a)  nutritional  require  snts,  (b)  nutrient  content  of  nodem  military  foods, 
and  (c)  effects  of  certain  food  or  food  items  on  metabolism. 

24,  (f)  Through  use  of  animal  experiments  and  controlled  human  studies,  we  will  seek 
to  (a)  define  the  nutrient  requirements  of  military  personnel  in  terms  of  age,  sex,  and 
activity  levels;  (b)  establish  the  nutritional  parameters  essential  for  military 
personnel  to  perform  with  maximum  physical  and  mental  capability  under  all  environmen¬ 
tal  and  military  stresses;  (c)  develop  methods  for  determining  nutrients  and  biochemical 
components  in  blood,  tissues,  urine,  and  foods  for  application  in  military  medicine, 
nutrition  surveys,  and  rations  studies;  (d)  develop  techniques  which  reflect  the 
nutritional  status;  (e)  determine  whether  or  not  various  stresses,  diseases,  or  injuries 
increase  nutrient  requirement. 

25,  (L)  7©  10  -  73  09  Procedures  were  developed  for  the  measurement  of  brain 
catecholamine  without  vitamin  C  Interference,  for  the  measurement  of  whole  blood 
vitamin  C  bv  oxidation  reduction  methods,  for  the  nicro-determinstlon  of  copper,  iron 
anc  total  iron,  and  for  the  measurement  of  tissue  vitamin  C  metabolites  and  riboflavin 
derivatives.  The  biochemical  mechanism  of  anemia  in  scurvy  was  investigated  iti 
separate  experiments,  by  determining  the  influence  vitamin  C  has  on  folate  status, 
cc;s*r  and  iron  status,  and  heme  degradatlve  pathways.  Interrelationships  between 
train  catecnolaaine  and  vitamin  C,  copper  deficiency-vitamin  C  status  and  scrum 

. .  T1ie  vitamin  C  requirement  of  monkeys  was  investigated. 
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PROJECT  NO.  3M762772811  Military  Nutrition  and  food  Hygiene 

WORK  UNIT  NO.  0C2  Nutritional  Requirements  of  Military 

Paraonnal  in  Health,  Injury  and 

Dleeaae 

The  following  Investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Requirements,  factions,  interactions  and  metabolism 
of  ascorbic  acid  (vitaain  C) 

STUDY  NO.  2  Riboflavin  -  aetabolisa  and  analytical  aethods 

STUDY  NO.  3  Pharmacology,  toxicology,  interactions  and  functions 
of  nutrients 

STUDY  NO.  4  Evaluation  and  development  of  procedures  and 

techniques  for  the  aasessswnt  of  the  trace  mineral 
nutritional  status  of  military  personnel 

STUDY  NO.  5  Nutritional  iron  deficiency 

STUDY  NO.  7  Techniques  to  evaluate  nutritional  status  of  humane 

STUDY  NO.  1  The  role  of  vitaain  C  was  studied  in  guinea  pigs  and 
monkeys.  In  the  guinea  pig,  vitaain  C  deficiency  results  in  elevated 
serum  copper  and  ceruloplasmin  and  liver  copper  levels.  However,  iron 
dependent  functions  like  liver  cytochrome  P-450  and  cytoch rotas  b$  and 
liver  iron  levels  as  well  as  blood  heas  were  decreased.  Vitaain  C 
deficiency  in  guinea  pigs  did  not  sees  to  influence  brain  catecholamines. 
Studies  to  determine  the  ascorbate  requirements  of  male  monkeys 
suggested  that  a  minimum  of  3  aacorbate  pools  exist  and  that  young 
monkeys  may  require  twice  the  aaount  of  ascorbate  as  adult  monkeys. 

In  addition,  oxidation-reduction  assay  systems  for  ascorbate  were 
modified  to  measure  whole  blood  ascorbate. 

To  investigate  the  relationship  between  vitaain  C  intake  and  folate 
status,  guinea  pigs  were  aalntalned  on  diets  adequate  or  marginal  in 
folate  and  supplemented  with  high  or  low  ascorbic  add.  Preliminary 
evidence  confirms  an  increased  need  for  ascorbic  acid  to  prevent  folate 
deficiency  symptoms  when  folic  acid  intake  is  marginal. 

STUDY  NO.  2  A  rapid,  sensitive,  fluoroaetric  titration  assay  using 
a  riboflavin  specific  apoentyae  has  been  developed  for  measurement  of 
riboflavin  in  urine  and  dietary  samples. 

STUDY  NO.  3  A a  ascorbic  add  deficiency  progressed,  decreases  in 
hepatic  asUnopyrine  N-deaathylasc  activity  and  cytochrome  P-450  levels 
seem  to  be  related  to  a  decrease  in  the  cytosol  ascorbic  add 
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(100,000  x  g  supernatant)  in  guinea  pigs.  Hepatic  microsomal  heme 
oxygenase  activity  and  cytochrome  P-450  level  are  directly  related  to 
the  dietary  or  liver  ascorbate  levels.  After  the  Incorporation  of 
6-amlaolevulinlc  acid-3,  5-3H,  the  disappearance  of  radioactivity  fro* 
the  cytochrome  P-450  heat  (CO»blndlr»g  pigments)  vaa  not  dependent  on 
the  ascorbic  acid  status  of  the  guinea  pigs.  Ascorbic  acid  deficiency 
does  not  seea  to  influence  the  degradation  of  hepatic  hene. 

STUDY  HO.  4  Procedures  have  been  evaluated  and  techniques  developed 
for  the  alcroanalysls  of  copper,  iron,  end  total  binding  capacities. 
These  procedures  require  only  50  ul  of  snrum  for  each  analysis.  Appli¬ 
cation  of  these  aethods  has  been  aade  to  other  studies  in  this  work 
unit  and  in  work  unit  056. 

STUDY  NO.  5  Studies  on  ferritin  and  iron  aetabolisn  have  Included  e 
statistical  study  of  the  influence  of  race  upon  ferritin  and  other 
paraaaters  of  iron  status.  Preliminary  results  suggest  that  blacks 
have  higher  eerua  ferritin  levels  than  whites  and  that  individuals  at 
elevated  altitudes  have  higher  ferritin  levels.  Efforts  are  underway 
to  characterise  monkey  ferritin  and  to  study  the  effect  of  copper 
deficiency  upon  ferritin  levels  in  monkeys. 

STUDY  NO.  7  Comparison  of  whole  blood  folate  analyses  by  radloaasay 
and  microbiological  assay  methods  of  samples  from  2  military  nutrition 
surveys  has  been  completed.  Because  of  quell tatlve  and  quantitative 
differences  in  the  radioassays,  neither  of  the  2  commercial  kits  tested 
on  whole  blood  samples  was  considered  comparable  to  the  microbiological 
assay  in  terms  of  diagnostic  capability. 
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and  retsacliea  of  iu.o:„r^ic  acid 
(vitualn  C) 


PROBL In 

MMna«M<a  at 


The  a»;  :iri«/jnia  reported  iv  t»4.i  study  wara  initiated  in  «*  h«r 
advance  5mth*i  ih<-  fuftdaeeMKal  knowlerfft*  cpncervir.s  th^  and 

biochemf.ntry  of  aacoriic  i’r^'c*,rr.h  it:  nee^d  to  provi.dt  ltsproved 

ns  an*  aaaaaa  the  ««;co»bat^  »4«^ja».^  x~  'atiitar*  personnel*  Meins 

for  assessment  aust  hs  *ev*ltj>«,  v»1*<Ivb/»  ^.id  (pacific.  Unfor¬ 

tunately,  baaic  information  e»  the  '^-^nani'rn  and  function  of  aacorbic 
acid  ia  incomplete  and  frasuwi'''..iry {  •■.ubevqueniiy,,  U  la  difficult  to 
recommend  lntakaa  of  ascorbate  to  military  perac;<r.al,  especially 
undar  advaraa  or  atraaa  altuatioaa,  Thera  foie,  baaic  research  must  be 
undertaken  to  provide  the  understanding  of  ascorbate's  biological 
function.  Research  ahculd  include  the  aetobolieet  and  £.utriecc  Inter¬ 
action*  a*  wall  aa  the  pharmacology  and  toxicology  of  aacoxbat*.  Once 
tome  lralght  into  thcaa  function*  la  determined,,  recommendation*  of 
aacorbic  acid  lntakaa  can  be  made  for  optimal  haalth  and  performance 
nf  military  paraonnal. 

RESULTS  AND  DISCUSSION  OF  HXSULTS 

Vitamin  C,  iron  and  c  pper.  Experiment*  were  conducted  to  determine 
the  effects  of  low  *;„<!  high  intakes  of  vitamin  C  on  plasna  and  liver 
concent ret Iona  of  ir*n  and  copper.  Vitamin  C-daflclent  guinea  pig* 
with  plasma  values  o<  <0.6  vg/ml  damonatrated  significantly  higher 
plaama  and  hepatic  copper  concentrations,  9«.8X  and  94X  respectively, 
compared  to  animal*  do*e<J  with  a  saturating  level  of  the  vitamin.  Also, 
plasma  ceruloplasmin  values  were  concurrently  102. 3X  higher  in  the 
vit*r<«  Officiant  animal*.  In  nar.tsjfKt,  plasan  and  llvar  concentra¬ 
tion*  o!  iron  were  38. 2X  and  57. 9s  respectively  l<wer  in  vitamin 
C-deficient  animals.  Hepatic  microaomal  heme  and  blood  heme  parameter* 
were  also  significantly  (P  <  0.05)  reducad  in  vitamin  C  deficiency.  In 
the  second  experiment,  in  a  group  of  guinea  pigs  doead  with  the 
National  Raaaarch  Council  (HRC)  recowended  level  of  vitamin  C  aa  a 
control  group,  plaama  ceruloplasmin  and  copper  were  similar  to  animals 
dosed  with  a  saturating  level  of  the  vitamin.  However,  hapatic  copper 
and  iron  levels  in  this  control  group  were  more  similar  to  animals 
receiving  no  vitamin  C.  Plasms  iron  levels  seemed  to  be  related 
directly  to  vitamin  C  intaka.  The  relative  amounts  of  ceruloplasmin 
and  ascorbate  in  the  system  exurt  s  strong  influence  on  the  relative 
levels  of  ferrous  iron  and  ferritin.  This,  in  turn,  can  control  iron 
utilization,  transport,  and  heme  synthesis. 
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Brain  catechols* ln«  and  ^-corbie  acid.  A  high  praaaure  liquid 
chromatography  technique  wa a  developed  which  allowad  tha  lnvaadgator 
Co  measure  tha  amounts  of  catecholamines  (CAa)  without  intarfaranca  by 
aacorblc  acid  (AA).  Tha  lnvaatlgator  uaing  tha  nawly  davalopad  tachniqua 
determined  CA  contact  of  brain  tiaaua  in  control  and  AA-defldent  guinaa 
plga.  No  dlffarencaa  wara  found  in  CA  content  in  tha  two  dietary  con¬ 
ditions;  however,  thia  experiment  axaninad  CA  aquillbrlun  in  an 
unchallenged  nanner.  Further  research  la  currently  being  conducted  to 
elucidate  a  poaalble  protective  role  of  aacorblc  acid  in  the  maintenance 
of  CAs  after  a  biochemical  challenge. 

Cultured  neuroblastoma  aa  a  modal  for  study  of  tha  role  of  aacorblc  add 
in  neural  tiaaua.  The  call  line  and  moat  of  tha  techniques  naceeaarv 
for  the  study  have  been  set  up  in  the  laboratory.  Preliminary  results 
indicate  that  aacorblc  acid  la  toxic  to  these  calls.  Tha  mechanism  of 
this  tocieity  la  currently  under  investigation? 

Experiments  are  being  conducted  into  the  possible  role  of  ascorbic  add 
in  the  neurotoxicity  of  b-hydroxydopamlna,  but  no  conclusive  results  arc 
yet  available. 

Method a  of  analysis  for  ascorbic  acid.  Modification*  of  an  older  manual 
method,  which  depends  upon  reduction  of  the  dya  2,6-dlchlorlndophenol, 
have  been  made.  These  make  it  more  convenient  and  sensitive  and  allow 
the  use  of  whole  blood,  which  was  not  possible  with  tha  original  msthod, 

A  second  assay,  depending  upon  reduction  of  iron  by  ascorbic  add  and 
its  subsequent  measurement  with  the  dye,  6,6*>dipvrldyl,  has  also  bean 
modified  so  that  it  can  be  used  with  whole  blood. 

Metabolism  of  ascorbate.  The  relationship  of  plasma  ascorbate  levels  of 
male  monkeys  (M.'  Ossicular is)  to  varying  levels  of  oral  dietary  ascorbate 
was  measured  during  chronic  ascorbate  deficiency  and  gradual  ascorbate 
repletion.  Two  plateaus  in  the  plasma  ascorbate  levels  were  measured 
during  the  repletion  phase.  Active  juvenile  male  monkeys  required 
twice  the  amount  of  ascorbate  aa  did  the  mature  males  to  sustain  similar 
plasma  lavela.  The  oxidation  of  ascorbate  to  CO 2  was  shown  to  be  a 
minor  metabolic  pathway  of  ascorbate  in  monkeys  aa  it  is  in  man. 

Oxidation  of  ascorbate  was  independent  of  the  animal's  nutritional 
ascorbate  status. 

Vitamin  C  mud  folic  acid.  Megaloblastic  anemia  (symptomatic  of  folate 
deficiency)  is  sometimes  noted  in  clinical  vitamin  C  deficiency.  Soma 
studies  have  sgguasted  that  aacorblc  acid  ia  necessary  for  normal  folate 
metabolism  and  that  vitamin  C  deficiency  may  cause  a  secondary  folate 
deficit.  In  an  effort  to  evaluate  thia  interaction,  the  following 
experiment  was  conducted  to  investigate  the  relationship  between  vita¬ 
min  C  intake  and  folate  status  under  conditions  of  adequate  or  marginal 
folate  intake. 


Cuinea  pits  were  fed  semi-purified  dicta  adequate  or  marginal  in  folic 
add  and  supplemented  with  high  or  low  ascorbic  acid*  Hematological 
parameters  were  monitored  and  at  the  end  of  the  experiment,  tissues 
were  removed  for  folate  and  ascorbate  ass  eye.  When  folic  add  Intake 
was  low,  there  appeared  to  be  an  increased  requirement  for  vitamin  C 
to  maintain  normal  blood  cell  counts  (especially  white  cells).  Tlesue 
analyses  have  not  been  completed  yet  (personnel  have  been  diverted  to 
another  project). 

CONCLUSIONS 

Dietary  copper  and  vitamin  C  must  be  in  the  diet  of  guinea  pigs  in 
balanced  amounts  for  proper  iron  utilisation.  Strong  imbalances  in 
either  direction  interfere  with  iron  utilisation  end  may  cause  anemia. 

The  high  pressure  liquid  chromatography  (HPLC)  technique  as  developed 
in  this  protocol  is  superior  to  the  standard  fluorescence  essay  for 
the  measurement  of  catecholamines  because  the  HPLC  technique  eliminates 
a  source  of  false  positive  values. 

The  fate  of  ascorbate  metabolism  la  similar  in  monkey  end  man  only  when 
the  monkeys  are  trained  to  the  procedures  to  be  used  prior  to  the  study. 
Therefore,  the  trained  monkey  is  an  excellent  modal  for  study  of  aecor- 
bate  metabolism  in  men. 

Data  collected  in  the  guinea  pig  study  suggest  that  a  deficiency  in 
ascorbic  acid  is  detrimental  to  folate- requiring  processes  when  folate 
intake  is  marginal. 

KECOHHEHDATI  QMS 

1.  The  interactions  of  ascorbic  acid  with  other  trace  minerals  should 
be  studied  in  animal  models. 

2.  Further  studies  on  the  copper,  ascorbate,  iron  Interrelationships, 
where  levels  of  dietary  copper  end  iron  are  varied  simultaneously  with 
the  ascorbate  level  ere  needed  to  define  an  optimum  balance. 

3.  Although  steady-state  levels  of  cacechclaminen  (CAs)  are  not 
effected  by  e  scorbutic  state,  the  dynseeic  mstabollsn  of  CA  may  be 
influenced  by  ascorbic  acid.  Aether  than  observations  in  the  steady- 
state,  s  dynamic  test  of  CA  ntcsbollsa  should  be  studied. 

4.  Investigation  of  cultured  neuroblastoma  should  be  continued  to 
determine  whether  or  not  ascorbic.  acid  mny  be  toxic  to  these  cell*  and, 
if  so,  whet  the  mechanism  might  be.  Such  information  could  prove 
useful  in  the  understanding  of  the  interaction  of  oacorbic  acid  with 
nervous  tissue. 
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5.  The  possible  sffset  of  ascorbic  acid  on  synthesis  of  acetylcholin¬ 
esterase  in  cultured  neuroblaetona  should  be  investigated.  Through  such 
studies  a  role  for  as  corbie  add  in  prophylaxis  or  treatment  of  nsrvu 
agent  poisoning  night  ultimately  be  found. 

6.  The  use  of  trained  monkeys  to  elucidate  the  requirement  and  fete  of 
ascorbate  in  monkeys  should  be  continued.  These  data  should  establish 
criteria  for  judging  the  course  of  aecorbete  metabolism  in  men. 

7.  The  evaluation  of  the  ascorbic  acid-folic  add  interaction  should  be 
repeated  with  guinea  pigs  end  terminated  earlier.  There  is  reason  to 
believe  that  (because  folate  requirements  decrease  with  age)  treatment 
differences  in  tissue  folate  levels  would  have  been  greater  et  an 
earlier  phase  of  the  experiment. 

STUDY  NO.  2  Riboflavin  •  metabolise  end  analytical 

methods 


i 
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PROBLEM 


The  riboflavin  nutritional  status  of  military  personnel  le  determined 
by  measurement  of  urinary  end/or  pise me  riboflavin.  Present  aesayt  are 
time  consuming  and  nonspecific.  Recently,  a  riboflavin  specific  protein 
was  isolated  from  egg  white.  The  fluorescence  of  riboflavin  is 
quenched  when  it  binds  with  equal  molar  quantities  of  the  riboflavin 
spedfic  apoprotein.  A  fluorometric  titration  with  the  apoensyise  may 
be  a  quantitative  measure  of  riboflavin. 

RESULTS  AMD  DISCUSSION  OF  RESULTS 


A  technique  for  the  isolation  and  purification  of  the  riboflavin 
l  specif? c  apoprotein  from  egg  white  has  been  developed  in  this  labora¬ 

tory.  This  apoensyme  has  been  used  to  msaeure  quantitatively  riboflavin 
|  lo  urine  end  dietary  extracts.  The  sensitivity  of  the  aasay  is  similar 

i  to  the  microbiological  procedures  but  the  specificity  is  greater, 

j  Semples  can  be  essayed  immediately  without  extraction  of  the  flavins 

end  the  apoprotein  isolated  from  1  egg  will  measure  200  to  300  samples. 
i 

I  CONCLUSION 

The  utilisation  of  this  assay  will  decrease  the  time  and  expense  required 
for  measurement  of  riboflavin  with  increased  specificity. 

t  RECOMMENDATION 

I  Continued  development  of  procedures  for  isolation  of  the  flavin 

!*  mononucleotide  spedfic  apoprotein.  This  protein  will  permit  the 

measurement  of  the  flavin  nuclaotldes  without  hydrolysis,  therefore 
decreasing  time  and  expense. 
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STUJY  NO.  3 

PROBLEM 


Pharmacology,  toxicology,  interactions 
and  functions  of  nutrients 


Optimal  nutrition  requires  sufficient  int  .<«*  vi  a'll  essential  nutrients 
to  asst  ainiaua  physiological  needs.  However,  lutrleac  intakes  aust  be 
less  those  levels  considered  detrimental  *  u  health.  Optimal  response  of 
various  nutrient-dependant  functions  aay  vary  considerably  over  the 
relatively  wide  range  of  nutrient  Intakes.  Various  environmental, 
pharmacological  and  toxicological  etre.s  situations  aay  Influence  these 
nutrient-dependent  functions  and  alter  the  optimal  nutrient  Intake 
levels.  Alternatively,  various  nutritional  regimens  may  provide 
protection  from  such  stress  situations.  Excessive  intakes  may  elicit 
pharmacological  effects  or  toxicological  syndromes  that  aay  or  nay  not 
be  related  to  known  functions  of  that  substance.  If  separate  physio¬ 
logical,  pharmacological,  and  toxicological  effects  exist,  the 
relationship  between  such  effects,  the  closeness  of  levels  at  which 
these  effects  occur,  and  the  specific  effects  produced  aust  be  deter¬ 
mined*  These  studies  trill  produce  information  of  direct  value  in 
maintaining  maximal  physiological  performance  of  the  military  member. 
Knowledge  of  the  requirements  for  specific  nutrients  under  various 
stressful  circumstances,  along  with  their  potential  therapeutic  or 
prophylactic  uses,  would  be  of  great  value  in  this  regard.  Troops  asy 
be  exposed  to  a  number  of  toxicants  in  the  course  of  their  military 
duties;  for  this  reason,  knowledge  of  detoxification  mechanisms  snd  the 
effect  of  nutrition  upon  them  is  of  great  importance.  Finally,  once  a 
military  member  is  undergoing  medical  treatment  for  a  specific  disease 
or  injury,  obviously  an  understanding  of  nutritional  and  pharmacological 
Interactions  will  contribute  to  the  effectiveness  of  his  care. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  influence  of  ascorbic  acid  on  microsomal  heme  oxygenase  (MHO) 

(K.  C.  1.14.99.3),  drug  aetabollsn  and  ascorbate  distribution  was 
studied  in  livers  and  liver  cytosols  isolated  from  guinea  pigs.  Amino- 
pyrine  N-demethylase  and  cytochrome  P-450  content  were  examined  in 
guinea  pigs  on  0,  6,  12,  and  19  days  after  being  placed  on  a  basal  diet 
deficient  in  ascorbate.  Flasma  ascorbate  seems  to  reflect  total  liver 
ascorbate;  however,  ascorbate  from  the  liver  cytosol  (100,000  x  g  soluble 
fraction)  component  decreased  at  a  slower  rate  than  total  liver 
ascorbate  as  deficiency  progressed.  The  decrease  in  hepatic  aminopyrlne 
N-demethylase  and  cytochrorr  P-450  content  paralleled  the  decrease  in 
cytosol  ascorbate.  Perfvrion  of  livers  from  guinea  pigs  not  depleted 
of  ascorbate  resulted  in  71*  loss  of  extracellular  ascorbate  and  a  26% 
decrease  in  cytochrome  *-450  cogent.  Ascorbate-supplemented 
(25  mg/100  g)  guinea  pigs  had  a  16a  decrease  in  cytochrome  P-450  content. 
MHO  activity  was  decreased  significantly  (p  <  0.005).  These  results 
suggest  that  a  labile  soluble  pool  of  ascorbate  may  have  some 
influence  on  cytochrome  P-450  content  snd  drug  metabolism.  Also,  these 
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results  suggest  a  dose-related  dependence  of  MHO  on  ascorbate  and  that 
ascorbate  deficiency  docs  not  produce  an  Increase  in  hepatic  heme 
catabolism  via  increased  MHO  activity. 

Degradation  of  hepatic  cytochrome  P-450  heme  in  aacorbate-deficent  and 
ascorbate-dosed  (P.0.  25mg/100g/dav)  guinea  pigs  was  Investigated  by 
determining  the  turnover  of  radioactive  cytochrome  P-450  and  the  for¬ 
mation  of  in  vivo  expired  carbon  monoxide  (l4C0),  a  specific  degradation 
product  of  the  labeled  heme.  Hepatic  levels  of  cytochrome  P-450  and 
cytochrome  b5  were  decreased  significantly,  61X,  p  <  0.001,  and  29%, 

P  <  0.01,  respectively,  in  scorbutic  animals  compared  to  scorbate- 
adequate  animals.  After  the  administration  of  6-amlnolevullnlc  acid-3, 
5-JH,  the  disappearance  of  radioactivity  from  the  fast-phase  and 
slov-phase  components  of  cytochrome  P-450  heme  (CO-bindlng  pigments) 
exhibited  half-lives  of  4.2  h  and  30.8  h  respectively  in  the  ascorbate- 
depicted  guinea  pigs.  The  turnover  of  cytochrome  P-450  heme  was  similar 
for  both  phases  in  animals  fed  the  ascorbate-deficient  diet  and  dosed 
with  ascorbate  or  animals  fed  a  normal  stock  diet.  In  guinea  pigs 
deficient  in  ascorbate  and  injected  with  (5-14Cj  6-amlnolevullnic  acid, 
the  cumulative  expired  l4C0  was  similar  to  guinea  pigs  adequate  In 
ascorbate.  These  studies  demonstrate  that  the  decrease  In  hepatic 
cytochrome  P-450  content  in  ascorbate  deficiency  is  not  due  to  a 
defect  in  cytochrome  heme  catabolism. 

CONCLUSIONS 

Essentially,  ascorbic  aci<i  deficiency  in  guinea  pigs  did  not  appear  to 
Influence  the  degradation  of  microsomal  cytochrome  P-450  heme.  These 
findings,  along  with  the  past  investigations  on  heme  synthesis,  suggest 
that  ascorbate  has  no  Influence  on  heme  catabolism  or  heme  synthesis. 

The  possibilities  still  remain  that  ascorbate  may  influence  apo-c  to- 
chrome  P-450  synthesis,  the  incorporation  of  ferrous  iron  into  the 
heme  moiety  of  cytochrome  P-450,  or  the  binding  of  heme  and  apo-cyto- 
chroma  P-450  to  form  active  cytochrome  P-450, 

RECOMMENDATIONS 

1.  Experiments  need  to  be  designed  to  develop  more  understanding  in 
how  ascorbate  is  utilised  in  drug  SKtabollsm. 

2.  Purification  of  cytochrome  P-450  from  guinea  pigs  will  be  needed 

in  order  to  provide  standards  for  apo-cytochrome  P-450  synthesis  studies. 

3.  Methods  for  the  specific  identification  of  the  Iron  oxidation  state 
in  tissues  must  be  developed  in  order  to  determine  the  effect  of 
ascorbate  on  the  incorporation  of  ferrous  iron  into  the  heme  moiety. 

4.  Methods  to  study  the  binding  of  heme  to  cytochrome  P-4S0  must  be 
developed  in  order  to  determine  whether  or  not  ascorbate  influences 
the  formation  of  active  cytochrome  P-450, 
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STUDY  MO.  4  Bvalulatlon  end  developmeot  of 

procedures  sad  techniques  for  the 
aeeesement  of  the  trace  mineral 
status  of  military  personnel 


PROBLEM 

Little  is  known  about  the  trace  element  requirements  of  man  or  current 
dietary  intakes  of  these  elements.  Rapid  changes  in  food  resources  and 
food  processing  portend  alterations  in  the  levels,  ratios,  and  availa¬ 
bility  of  essential  mineral  elaments  in  military  feeding  ays teas. 

Thus,  it  is  important  to  know  the  requirements  and  levels  of  essential 
trace  minerals  in  foods  consumed  by  the  military  in  order  to  assure 
optimum  performance,  health,  and  recovery  from  injury.  It  is  also 
Inportent  to  develop  procedures  to  aeaess  the  statue  of  military 
populations  with  regard  to  their  trace  mineral  nutrlture. 
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RESULTS  AMD  DISCUSSION  OF  RESULTS  | 

~~  | 

Procedures  have  been  developed  for  the  analysis  of  copper,  iron,  and 

total  iron  binding  capacity  for  small  (SO  ul)  serum  samples.  \ 

For  copper,  the  SO  ul  of  eenmi  is  diluted  with  450  ul  of  10  mH  HNO).  J 

Twenty  ul  of  diluted  senple  is  then  Injected  into  the  graphite  furnace  f 

of  an  atomic  absorption  spectrophotometer  and  copper  levels  are  deter¬ 
mined  by  comparison  with  suitable  standards.  This  procedure  compared  | 

favorably  with  conventional  flame  methods  for  copper,  which  require  a  ] 

much  larger  (1  -  3  ml)  sample  else. 


Iron  and  total  iron  binding  capacities  were  also  determined  by  micro 
methods  using  flameless  atomic  absorption  spectroscopy.  Heme  iron  and 
serum  protein  were  precipitated  in  SO  ul  of  serum  by  adding  an  equal 
volume  of  101  trichoroacetlc  acid.  After  heating,  the  sample  iron 
further  diluted  by  adding  100  ul  of  deionised  water,  then  the  sample 
was  centrifuged.  Five  ul  of  the  supernstant  was  then  Injected  into 
graphite  furnace  and  iron  levels  were  determined.  Total  iron  binding 
capacities  were  determined  by  adding  100  ul  of  S  ppm  iron  standard  to 
SO  ul  of  serum.  After  precipitation  with  magnesium  carbonate  to  remove 
the  excess  iron,  iron  levels  were  analysed  as  described  above. 

Theae  procedures  compared  favorably  with  more  conventional  methods  which 
require  much  larger  samples.  The  major  problem  in  the  iron  and  total 
iron  binding  capacity  analyses  was  that  erroneously  high  values  were 
obtained  in  badly  heswlysed  samples. 

These  methods  offer  a  considerable  advantage  whan  a  large  number  of 
analyses  are  required  on  a  limited  quantity  of  sample. 
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These  procedures  have  been  applied  in  other  studies  in  this  work  unit 
and  in  a  study  in  Work  Unit  056. 
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Additional  food  samples  ara  being  analysed  for  copper,  line,  and 
manganese  for  Inclusion  in  the  LAIR  nutrient  factor  file. 

CONCLUSION 


RECOtftKMDATIONS 

1.  The  data  base  for  trace  mineral  contents  of  foods  should  be  expanded 
to  cover  more  food  ltema  and  other  essential  and  toxic  minerals. 

2.  Other  military  populations  need  to  be  surveyed  as  to  their  trace 
mineral  intakes  in  order  to  detexmina  if  potential  problems  exist 
relating  to  trace  element  nutrltura. 

3.  The  effects  of  marginal  or  lav  intakes  of  various  essential  trace 
minerals  on  p*~' jrmance  and  recovery  from  injury  should  be  more 
thoroughly  investigated. 

4.  Human  requirements  for  the  essential  trace  minerals  need  to  be  more 
carefully  defined,  particularly  under  various  atraas  situations. 

STUDY  NO.  5  Nutritional  iron  deficiency 

problem 

Previous  studies  with  human  subjects  have  indicated  that  both  altitude 
and  race  nay  play  some  role  in  the  metabolism  of  iron.  The  objective 
of  this  study  was  to  determine  if  either  race  or  altitude  influence  the 
storage  levels  of  iron  os  measured  by  serum  ferritin. 

Mills  anemia  has  been  indicated  as  being  associated  with  scurvy  in  sum, 
monkeys,  and  guinea  pigs,  the  literature  contains  contradictory  results • 
The  cynomolgua  monkey  was  chosen  aa  an  animal  model  to  evaluate  the 
interactions  between  iron  status  sad  copper  ascorbic  add  nutrltura. 


RISl 


Race  and  altitude  effects.  As  a  continuation  of  the  ferritin  studies 
begun  last  year,  a  statistical  analysis  of  parameters  of  iron  status 
was  undertaken.  The  study  was  expanded  from  the  original  surveys  of 
Twentynloe  Palms  Marins  Corps  lass,  Alameda  Naval  Air  Station  I  and  III, 
and  Ft.  McClellan  to  include  data  from  surveys  performed  at  Ft.  Mayer, 
Ft.  Lewis,  and  Ft.  leaning.  This  study  was  a  retrospective  study  of 
the  influence  of  race  upon  the  parameters  of  iron  status.  Because  of 
the  similarity  la  economic  factors  and  availability  of  mess  halls,  the 
military  population  is  relatively  free  of  economic  or  dietary  influences 
upon  nutritional  indicators. 


205 


•JT?  P-’m!r\*"'±  *  7*i  T\  w?  ■  f  r  *^J  V,W7,'1?!i  IJ"  • fli^i  3 


The  total  population  being  analyzed  conaiated  of  1860  Individual*,  of 
which  729  had  serum  farrltln  analyaaa.  Prallnlnary  results  Indicate 
that  blacks  have  lower  hemoglobin  levels  than  whites  (15.9  vs  16.1  gm/dl) . 
This  difference  Is  statistically  significant  (p  <  0.005).  However, 
serum  ferritin  exhibits  a  reverse  of  this  situation  with  blacks  having 
a  serum  ferritin  level  of  94  pg/ml  and  whites  having  a  level  of 
57  pg/ml.  This  difference  Is  statistically  significant  (p  <  0.00002). 

It  would  appear  that  the  lowered  hemoglobin  levels  of  the  black  popular 
tion  are  not  due  to  lowsred  iron  stores.  Studies  of  other  parameters  of 
dietary  Intake,  plasma  ascorbate,  plasma  vitamin  A,  and  whole  blood 
folate  showed  no  statistically  significant  differences;  these  observrtlons 
suggest  that  there  were  no  gross  differences  in  overall  dietary  intake. 

A  second  study  was  undertaken  to  determine  the  effect  of  altitude  upon 
iron  stores  as  measured  by  serum  ferritin.  A  total  of  132  normal  male 
serums  from  Leadvllle,  CO  were  analyzed  for  serum  ferritin  and  the 
results  compered  to  the  population  diseussed  above.  Inforawtlon  on  the 
hemoglobin  and  hematocrit  values  indicated  that,  as  expected,  individuals 
at  higher  altitude  have  higher  values  (Hgb  «  17.3  vs/dl,  Hct  ■  52. IX) 
than  do  individuals  at  lower  elevations  (Hgb  •  16.1  gn/dl,  Hct  ■  46. 8Z). 
Serum  ferritin  levels  also  exhibited  this  Increase  with  individuals  at 
altitude  having  an  average  serum  ferritin  level  of  87  pg/ml  as  compared 
to  individuals  at  lower  altitude  with  64  pg/ml. 

Ferritin  and  iron  statue  in  smnkeya.  Studies  on  monkey  ferritin  were 
carried  out  in  2  separate  experiments.  In  the  first  study,  the  iron 
statue  of  monkeys  on  a  diet  deficient  in  copper  vith  2  levels  of 
ascorbate  (1  mg/day  and  100  mg/day)  was  investigated.  Analysis  of  the 
data  la  not  yet  ccmplete,  but  preliminary  indications  are  that  neither 
the  level  of  copper  deficiency  nor  the  amount  of  ascorbate  ingested  has 
any  effect  upon  the  red  cell  count,  hemoglobin,  hematocrit,  or  serum 
ferritin  levels. 

As  a  corollary  for  the  development  of  a  ferritin  assay  for  monkey  serum, 
preliminary  work  haa  been  conducted  on  the  Model  C  analytical  ultra- 
centrifuge  in  an  effort  to  establish  the  molecular  weight  of  rhesus 
monkey  ferritin.  The  purification  of  the  ferritin  haa  been  monitored 
using  gel  electrophoresis.  Zt  appears  that  a  single  protein  has  been 
Isolated  which  migrates  as  a  single  peak  in  the  unltracentrifuge.  No 
further  results  arc  available  at  this  time  and  work  is  in  progress  to 
characterise  further  monkey  ferritin. 

COHOLUStOMS 

Preliminary  reaults  indicate  that  blacks  have  higher  serum  ferritin 
levels  than  whites  and  that  individuals  at  elevated  altitudes  have 
higher  ferritin  levels.  Thus,  if  serum  ferritin  is  to  be  used  a*  an 
indicator  of  iron  stores,  both  race  and  altitude  will  have  to  be 
considered. 
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REOOHHKNDAT IONS 


Further  study  of  the  incidence  of  iron  deficiency  in  nilltery  force 
needs  to  be  undertaken.  In  addition,  no  re  information  is  required  con* 
coming  the  influence  of  race  upon  iron  metabolism.  The  conflicting 
findings  of  lower  hemoglobin  levels  in  blacks  as  compared  to  whites  and 
higher  iron  stores  as  measured  by  serum  ferritin  indicate  that  factors 
other  than  dietary  intake  may  be  important  in  adequate  iron  metabolism. 
Further  studlea  in  this  area  should  be  undertaken.  Finalisation  of  the 
data  processing  oo  the  monkey  study  is  recon**nded  as  well  as  cessation 
of  the  monkey  ferritin  characterisation. 

STUDY  NO.  7  Techniques  to  evaluate  nutrition tl 

status  of  humans 

PROBLEM 

The  purpose  of  this  study  was  to  evaluate  and  improve  current  methods 
for  assessing  folic  acid  nutritional  status.  Radloaassys  of  serum  and 
red  cell  folate  ere  now  widely  being  used  Instead  of  the  traditional 
microbiological  aesays.  However,  their  diagnostic  reliability  has 
not  been  established,  particularly  with  respect  to  red  cell  folate. 

The  purpose  of  the  first  experiments  was  to  compare  commercial  folate 
redloaasay  kits  with  the  L.  easel  microbiological  assay  with  particular 
attention  being  paid  to  responses  at  concentration  ranges  which  have 
diagnostic  significance. 

RESULTS  AMD  DISCUSSION  OF  RESULTS 

Four  kits  have  been  tested  on  whole  blood  and  plasma  samples  from 
Mameds  III  and  Twentynlne  Palms  military  nutrition  surveys.  All  but 
one  egreed  reasonably  well  with  the  microbiological  assay  when  compared 
on  serum  samples  (discussed  in  progress  report  last  year). 

loth  kits  (New  England  Nuclear  (MEN)  and  Ho- led)  tested  oo  whole  blood 
samples  gave  means  which  wars  significantly  higher  than  the  microbio¬ 
logical  assay  and  different  from  each  other  (p  <  0.01).  In  addition, 
there  were  distinct  differences  in  the  frequency  distribution  curvss. 
Although  the  Bio- lad  curve  was  displaced  to  the  right  of  the  microbio¬ 
logical,  they  both  showed  distinct  positive  skewness.  In  contrast,  HIM 
data  were  clustered  in  e  sharp  peak  with  little  skewness.  Thus,  the 
estimated  normal  range  for  red  cell  folate  was  much  narrower  according 
to  the  MEN  kit  than  either  the  Bio-Rad  or  the  microbiological  assay. 

CONCLUSION 

Because  of  the  qualitative  and  quantitative  differences  in  the 
radioassay  kits,  neither  of  those  tested  oo  whole  blood  ssnplas  was  con¬ 
sidered  to  be  comparable  to  the  microbiological  assay  in  terms  of 
diapioetlc  capability. 
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RECOMMENDATIONS 


Although  radioassays  appear  to  ba  suitable  for  serum  sanples,  the 
microbiological  assay  is  recommended  still  as  the  rest  reliable  method 
for  future  analyses  of  whole  blood  folate  at  this  institute. 
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23.  (li)  Tht  objectives  are  to  develop  and  adapt  new  concepts  In  analytical  biochemistry  ,j 
to  provide  reliable  and  advanced  procedures  and  services  to  nil Itary-oriented  research 
programs  at  LAIR  and,  on  occasion,  to  approved  cooperating  agencies;  to  innovate  or 
develop  analytical  procedures  to  nect  specific  needs  of  such  research  as,  for  example, 
the  development  of  clcro-autosated  assay  procedures  for  cr.zvncs  related  or  altered 
during  nutritional  deficiencies,  disease  states,  or  stress  conditions;  to  develop 
procedures  applicable  to  eilltary  nutrition  survevs,  ration  test  studies,  and  food 
vholesoeeness  evaluations. 

24.  (U)  Analytical  support  will  oe  provided  to  studies  in  silitarv  cediclne  requiring 
routine  analyses  in  volune  or  ixiique  equipment  and  special  techniques  for  assays  of 
physiological  specimens  obtained  during  Eilltary  nutrition  survevs  or  field  studies. 
Specific  anaiys  .j  will  he  originated  or  adapted,  as  required,  to  nect  the  needs  of 
specific  studies  and  to  isprove  the  economy  and  cfficicncv  of  laboratory  operations. 
Research  will  be  conducted  on  a  continuing  basis  in  support  cf  the  objectives  indicated 
to  provide  new  methods.  Whenever  feasible  and  practical,  the  r.cthods  will  be  automated 
end  linked  to  computer  systems, 

25.  (U>  77  10  -  78  09  Analytical  support  requiring  more  thar  16,000  Analyses  was 
provided  to  25  studies  originating  in  5  departments  at  LAIR  anc  2  services  of  LA!!C, 
Probleas  in  applying  dye-binding  techniques  for  determining  serur  albumen  in  different 
species  were  partially  resolved.  This  work  unit  is  terminated  due  to  directed 
realignment  of  the  LAIR  research  progran.  Certain  functions  r.ave  been  transferred  to 
another  division. 
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ABSTRACT 


PROJECT  NO.  3K762772A811  Military  Nutrition  and  Pood  Hygiene 

WORK  UNIT  NO,  003  Analytical  Biochemistry 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Analytical  support  and  services 

STUDY  NO.  2  Development  of  analytical  biochemistry  procedures 

l'»UDY  NO.  1  Analytical  support  requiring  16,326  individual  analyses 
-as  provided  to  25  research  projects. 

STUDY  NO.  2  Preliminary  study  was  initiated  on  the  applicability  of 
analytical  reagent  systems  to  different  species  of  animal  models. 
Sedimentation  velocity  and  meniscus  depletion  sedimentation  equllibriuai 
studies  were  performed  on  ferritin  preparations  from  two  species. 
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BODY  OP  REPORT 


WORK  UNIT  NO.  003 


STUDY  NO. 


Analytical  Biochemistry 
Analytical  aupport  and  services 


PROBLEM 

Chemical  analysis  of  various  physiological  specimens  and  diet  or 
ration  items  is  a  fundamental  adjunct  to  the  majority  of  the  research 
objective*  of  the  taany  research  protocol*  active  at  LAIR.  The  Ana¬ 
lytical  Biochemistry  Branch  has  the  responsibilities  for  providing 
service  to  the  investigating  staff  in  the  form  of  automated  analyses 
and  special  chemistries. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  Branch  provided  support  to  25  research  projects,  including  3  field 
studies,  which  resulted  in  a  total  of  16,326  automated,  semi-automated, 
and  manual  analyses.  These  analyses  were  distributed  by  type  as  follows: 


Anslvticsl  Service 


Neither  of  Analyses 


Blood  Chemistry: 

Cl)  Automated  electrolytes,  glucose, 

total  protein,  urea  nitrogen, 
creatinine,  iron,  cholesterol, 
triglycerides,  vitamin  C,  lactate, 
pyruvate,  uric  acid,  hemoglobin, 
and  various  enzymes  10,635 

(2)  Semi-automated  lipid  phosphorus  and 

total  iron  binding  capacity  170 

(3)  Manual  electrophoresis,  hemoglobin, 

hematocrit,  free  fatty  acids  388 

Urine  Chemistry: 

(1)  Automated  electrolytes,  creatinine,  and 

urea  nitrogen  2,022 

(2)  Semi-automated  methylamlonlc  acid  and 

total  nitrogen  802 

(3)  Manual  titrable  acidity  28 


Food  and  Tissue  Chemistry: 

(1)  Semi-automated  minerals 

(2)  Manual  proximate  analyses 


1,556 

231 


Special  Chemistry: 

Amino  Acids 


These  enelyeee  were  distributed  among  the  Departments  ee  follows: 
Surgery,  31. 02;  Nutrition,  28.61,  Medicine,  23, IX;  Comparative  Medi¬ 
cine,  15. 3X;  end  Blood  Keeeerch,  1.9X.  Specie!  projects  accounted  for 
the  remainder  of  service  consisting  of  158  enelyeee  for  the  Neonate 
Service  (LAMC),  709  enelyeee  for  2  field  studies  (Work  Unit  001, 
Nutrition  Studies  An  Support  of  DoD  ?ood  Program)  end  383  enelyeee 
for  the  Irradiated  Food  Program. 

CONCLUSIONS 


The  branch  staffing  wee  reduced  to  40X  of  normal  at  the  start  of  the 
fiscal  year.  Fortuitously,  the  demands  for  standee  declined  to  52Z 
of  the  total  analyses  for  the  previous  year.  The  relative  proportion 
of  saai-automated  and  manual  analyses  increased  over  the  previous  year. 
This  Included  elimination  of  s  **all  percentage  of  the  backlog  which 
stands  at  14,079  analyses. 

The  branch  rendered  service  to  all  investigations  requesting  analyses 
which  were  automated  or  senl-autonated.  Unfortunately,  a  support 
request  originating  in  the  Department  of  Surgery  could  not  be 
serviced  because  of  the  extensive  manual  workload  it  would  have  placed 
on  the  limited  staff. 

RECOMMENDATIONS 


Knowledge  of  the  concentration  of  various  const! tutents  of 
physiological  and  diet  specimens  is  essential  to  tha  conduct  of 
misa  ion-orient  ad  raaearch  programs  at  the  Institute.  If.  is  recommended 
that  a  central  analytical  facility  be  oaintained  for  automated  analyses 
and  special  chemistries. 

PUBLICATIONS 

ASKEW,  E.W. ,  S.S.  KULINSKI ,  J.R.  LOUDER,  and  W.K.  WISE,  JR, 

Comparison  of  turnover  rates  of  four  adipose  tissue  depots  as 
influenced  by  exercise.  (Abstract)  Fad  Proc  37:428,  1978 

STUDY  NO.  2  Development  of  analytical 

biochemistry  procedures 

PROBLEM 


Automation  or  simplification  of  analytical  procedures  is  required  to 
expand  analytical  support  capabilities  and  maintain  operational  effi¬ 
ciency.  Improvement  of  method  quality  is  a  continuous  concern  and 
innovation  of  procedures  is  occasionally  required.  Staff  must  be 
prepared  to  advise  Investigators  on  analytical  approaches. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


One  staff  member  was  trained  in  the  operation  of  an  analytical 
ultracentrlfuge.  The  schlieren  system  was  tested  and  evaluated.  Studies 
of  horse  ferritin  and  monkey  ferritin  preparations  were  initiated. 

These  included  sedimentation  velocity  series  to  determine  if  the  prepa¬ 
rations  were  monodispersed,  and  if  so,  the  actual  sedimentation  velocity. 
Meniscus  depletion  sedimentation  equilibria  were  determined  to  facilitate 
estimation  of  molecular  weights.  The  results  indicated  that  the 
preparation  provided  did  not  contain  ferritin. 

Of  primary  concern  has  been  the  suitability  of  reagent  systems  developed 
for  human  blood  components  when  applied  to  specimens  from  various  animal 
species  used  as  experimental  models.  The  problem  mav  also  be  masked  by 
the  use  of  human  sera  for  quality  control.  In  establishing  baseline 
values  for  the  owl  monkey  eolonv  such  a  problem  occurred.  Scrum  albumin 
values  obtained  by  using  a  proprietary  dye  which  has  an  absorbance 
maximum  at  505  nm  with  human  albumin  yielded  satisfactory  quality 
control  recoveries  (human  sera)  but  approximately  60X  of  the  value  for 
albumin  indicated  by  the  electrophoretic  pattern  of  the  unknown  speci¬ 
mens.  Evaluation  of  a  randomly  selected  number  of  specimens  (N*22),  by 
using  bromcresolgreen  and  the  proprietary  dye,  yielded  values  (mean  t 
standard  deviation)  of  4.1  ♦  0.3  and  2.7  t  0.3,  respectively. 

CONCLUSIONS 

Training  of  staff  to  utilize  properly  available  sophisticated  instruments 
not  only  assures  accurate  results  but  appropriate  application  and 
utilization  of  the  equipment. 

Method  performance  in  application  to  animal  species  must  be  monitored 
carefully  when  trying  to  establish  baselines,  particularly  when  assaying 
protein  constituents  with  reagent  systems  developed  for  human  specimens. 

RECOMMENDATIONS 

Continuous  surveillance  of  operations  with  the  objectives  of  automating 
or  improving  efficiency  of  performance  and  assurance  of  the  applicability 
of  methods  is  required. 

PUBLICATIONS 

SAUBERLICU,  H.E.,  V.C.  GOAD,  J.H.  SKALA,  and  P.P.  WARING.  Procedure 
for  mechanized  (continuous-flow)  measurement  of  scrum  ascorbic  acid 
(vitamin  C).  In:  Part  VII,  Vitamins,  Selected  Method  of  Clinical 
Chemlstrv,  Volume  8.  American  Association  for  Clinical  Chemistry, 
Washington,  D.C.,  1978.  pp  191-197 
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23.  (U)  Tlia  objectives  or*  to  monitor  the  talc  rob  lologl  cal  quality  of  food  items  through 

laboratory  analyala;  to  review  the  literature  for  trend*;  to  report  finding*;  to  deter- 
nine  toxicological  quality  of  food*;  to  establish  auggeated  guideline*  for  Items  of 
potential  health  hazard;  to  review  wholceomences  and  safety  requirement*  for  DoD 
procured  aubslstence  and  to  make  racosnendations  to  0TSC;  to  evaluate  and  develop  new 
and  existing  methodology  and  equipment  in  the  areas  of  food  microbiology,  virology  and 
toxicology;  and  to  collect  microbiological  data  for  food  item  analyzed  by  DoD 
laboratories. 

2A.  (U)  Kxaalne  various  bacterial  specie*  and  strains  for  their  ability  to  produce 

histamine  in  media  supplemented  with  histidine  at  levels  comparable  to  high  risk  food 
products.  Test  various  segments  of  intestinal  mucosa  for  the  hlstamlne-catabollzlng 
enzymes,  diamine  oxldeee  and  hietamlne-N-methyltransferes*  in  an  effort  to  Item  the 
mecheniea  of  foodborne  hletemlne  toxicity.  Stajdy  the  speed  end  accuracy  of  automated 
colony  counters  as  opposed  to  manual  counting  So  determine  if  the  tine  savings  end 
precision  of  automated  colony  counters  arc  suitable  for  routine  usage.  Microbiological 
data  collected  during  the  analysis  of  foods  with  high  potential  for  tranamltting  food- 
borne  dlseeae  are  collected  and  reported.  Chemicals  secreted  by  insects  are  quantitated 
and  assessed  for  toxicity  In  model  systems. 

25.  (U)  77  10  -  78  09  Initial  experiment*  indicate  that  the  lethal  effects  of 

eicrowav*  cookery  on  pathogenic  microorganisms  showed  microwaves  to  be  slightly  less 
effective  then  conventional  oven  or  slow  cooking  but  presented  no  hazard.  The  survey 
if  tlv  histamine  content  of  foods  indicate  normal  levels  to  be  in  the  range  of  less 
than  1  mg  per  100  g.  A  number  of  chemicals  have  been  discovered  that  possess  varying 
Jegree*  of  cryoprotective  properties  fot  Cloiitriditn  parfrinporj.  Microbial  analysis 
»f-tA»-9t>iPto’AUnt.ftaoJc4a«N**lsd  a  diverse  flora  which  included  low  levels  of  pathogens. _ 
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ABSTRACT 

PROJECT  NO.  3M762772A811  Military  Nutrition  and  Food 

Hygltfuu 

WORK  UNIT  NO.  004  Military  Food  Hygiene 

The  following  investigations  hava  bsan  conducted  under  this  work  unit: 

STUDY  NO.  11  Investigations  of  microbiological  methodology 

performed  in  conjunction  with  the  Chapter  Chairman, 
agar  plate  method,  for  developsmnt  of  the  14th 
edition  of  Standard  Hethoda  for  the  Examination  of 
Dairy  Products 

EX-5  A  comparison  of  analyst  and  automated  colony 

counters 

STUDY  NO.  12  Investigations  into  the  microbiological  quality  of 
food  items  purchased  by  DoD  for  the  purpose  of 
establishing  tentative  stlcrobiological  guidelines 
for  military  subsistence 

EX-7  A  survey  of  the  microbial  flora  of  comminuted  pork 
and  a  comparative  study  of  sdcrobiological  analyti¬ 
cal  techniques 

STUDY  NO.  13  Investigations  into  the  use  of  Group  D  streptococci 
as  indicators  of  the  hygienic  quality  of  fro sen 
food  products 

STUDY  NO.  15  The  effect  of  cryoprotectlve  agents  in  the  survival 
of  Cloatridim  parfringana  type  A  vegetative  cells 
in  selected  meat  products  after  freeslng  and  thawing 

STUDY  NO.  17  Investigations  into  potential  toxicological  problems 
associated  with  food  items  purchased  by  DoD: 
Identification  of  haxardous  substances,  evaluation 
of  food  safety,  alleviation  of  toxicological 
problems ,  and  establishment  of  tentative  toxi¬ 
cological  guidelines  for  military  subsistence 

EX-1  Histamine  production  by  food  spoilage  microorganisms 
and  developsmnt  of  an  analytical  method  for  detec¬ 
tion  of  histamine  in  food  products 

The  toxicity  of  histamine  and  other  biogenic  aadnea 
as  related  to  food  poisoning,  the  presence  of  inhibi¬ 
tors  of  hlstaadne-SMtabollsing  ensymas  in  foods, 
dietary  condltlona.  and  other  gastrointestinal  factors 


EX-2 


EX-3  A  survey  of  commercially  packed  scombroid  fish 
products ,  luncheon  Mate,  cheese,  end  sauerkraut 
for  histamine  content 

STUDY  NO.  19  Investigations  into  potential  Insect  induced  toxi¬ 
cological  problems  in  foods 

EX-1  Insect  toxic  products  in  nilitary  subsistence  - 
induction  and  quantitation 

EX-2  Bensoquinonea  from  the  secretory  glands  of  Tri- 
bolim  oonfusm  and  Tribolim  oaMtamm  -  Assay, 
reactions,  effects,  and  acute  toxicity 

STUDY  NO.  21  Enterotoxigenic  Escherichia  ooli  from  foods 

EX-1  Assessment  of  methods  for  the  identification  of 
enterotoxln-produdng  Escherichia  ooli  strains 

EX-2  Methodology  for  isolation  of  EEC  from  foods 

STUDY  NO.  22  Survival  of  pathogenic  organisms  in  food  prepared 
in  a  microwave  oven 

STUDY  NO.  11,  EX-3  Laboratory  equipment  manufacturers  have  developed 
automatic  colony  counters  (ACCs)  which  are  designed  to  reduce  manpower 
requirements,  to  count  plates  with  large  numbers  of  colonies,  and  to 
reduce  human  error.  Complete  evaluation  of  the  ACCs  is  essential  to 
determine  their  overall  suitability  for  DoD  use. 

STUDY  NO.  12,  EX-7  Microbiological  analyses  of  several  types  of 
comminuted  pork  products  have  been  accomplished.  Data  collected  are 
added  to  the  data  base  which  will  be  used  in  the  establishment  of 
microbiological  guidelines  for  pork  products.  The  grem  negative  seg¬ 
ment  of  the  microbiological  flora  of  a  portion  of  the  samples  examined 
has  been  completely  characterised.  Due  to  the  composition  and  physical 
structure  of  pork,  various  means  of  homogenising  samples  have  been  used. 

STUDY  NO.  13  The  presence  or  absence  of  E .  ooli  in  foods  has  been 
the  basis  for  several  criteria  developed  in  regulatory  food  micro¬ 
biology.  The  use  of  the  Group  D  streptococci  as  indicator  organisms 
Instead  of  E .  ooli  has  been  suggested  for  the  analysis  of  frosen  food 
items.  During  this  study,  it  was  shown  that  while  E .  ooli  and  the 
Group  D  streptococci  both  survive  in  the  frosen  state,  the  strepto¬ 
cocci  do  not  suffer  freeslng  injury  as  does  E .  ooli.  The  streptococci 
are  recoverable  on  selective  media  while  E.  ooli  cannot  be  emneerated 
in  that  fashion. 
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STUDY  NO.  IS  Cloatridim  perfringana  la  extremely  sensitive  to 
freezing  and  to  froxan  storage.  Thus  whan  investigating  the  etiology 
of  food  poisoning  outbreaks,  frosen  specimens  aay  not  provide  the  true 
microbial  flora  for  characterisation.  Recent  investigations  indicate 
that  peroxides  formed  during  freezing  nay  account  for  at  least  a  por¬ 
tion  of  C.  parfringene  cryo fragility.  A  nuaber  of  cheaicals  possess 
cryoprotective  qualities. 

STUDY  NO.  17,  EX-1  A  total  of  162  bacterial  strains  representing 
28  species  were  exanlned  for  the  potential  to  elicit  food  poisoning 
outbreaks  via  hlstaaine  formation  in  food  products.  Of  the  strains 
examined.  Pro  taut  morgccnii  and  Entarobaotar  aaroganaa  demonstrated  a 
quantitative  superiority  in  terms  of  histamine  production  when  grown 
in  either  tryptlcase  soy  broth  containing  histidine  or  a  tuna  fish 
infusion  broth.  Additionally,  bacterial  histamine  formation  was 
exaadned  in  several  isolates  of  raw  tuna  Involved  in  an  outbreak  of 
scoabroid  poisoning. 

STUDY  NO.  17,  EX-2  Intestinal  catabolism  has  been  suggested  to 
explain  the  lack  of  toxicity  when  histamine  is  orally  administered 
to  animals.  The  enzymes,  diamine  oxidase  and  hlstaaine-N-methyltrans- 
ferase  have  identified  in  the  intestinal  contet; 3  of  several  animal 
species.  Inhibition  of  these  enzymes  by  substances  present  in  spoiled 
scombroid  fish  products  aay  explain  the  oral  toxicity  of  hlstaaine  In 
these  outbreaks. 


STUDY  HO.  17,  EX-3  Surveys  of  the  histamine  levels  in  several  foods 
such  as  sauerkraut,  mild  Cheddar  cheese,  sausages  and  tuna  fish  were 
conducted  to  assess  the  potential  these  foods  might  have  for  involve¬ 
ment  in  histamine  poisoning  outbreaks. 


STUDY  HO.  19,  EX-1  A  total  of  12  different  species  of  stored-product 
pests  of  military  subsistence  have  been  developed  in  support  of  studies 
to  determine  the  potential  hazard  froa  Insect  Induced  toxins  in  foods. 

Cas  liquid  chromatography  (GLC)  methods  have  been  completed  for  the 
quantitative  analysis  of  2-oethyl-l,4-benzoquinone  (MM}),  2-ethyl-l, 
4-benzoqulnone  (EB) ,  and  1-pentadecene  (FD)  in  two  additional  species 
of  Tribolim.  Results  of  CLC  analysis  of  Cyrngua  anguatua  extracts  appear 
to  have  principal  components  other  than  MBQ,  EBQ,  and  PD. 


STUDY  NO.  19,  EX-2  Chemicals  excreted  by  Insects  suspected  of  being 
potentially  hazardous  to  man  were  tested  for  mutagenicity  by  using  the 
Ames  Salncnalla  typhinurim  assay.  Procedural  difficulties  occurred 
because  the  cheaicals  and  solvents  were  innoepatlble  with  the  Ames 
assay  medium.  Efforts  are  underway  to  find  suitable  alternative  solvent 
systems.  Although  quantitation  was  uncontrolled  because  of  the  solvent 
lncompatabillty  it  appears  that  the  chemicals  tested  were  lethal  to  the 
Salnanalla  test  strains. 
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STUDY  NO.  21,  EX-1,  EX-2  The  potential  of  bacterial  apeciea  other 
than  Salnonolla  and  Shigella  to  cause  acute  gastroenteritis  has  been 
recently  recognised.  Several  E.  ooli  strains  have  demonstrated  capa¬ 
bility  for  the  elaboration  of  enterotoxins  shown  to  be  involved  in 
gastrointestinal  disease.  This  study  was  designed  to  assess  methods 
for  selective  isolation  and  identification  of  such  strains  of  E.  ooli 
and  to  screen  military  subsistence  to  determine  the  existence  of 
enterotoxigenic  strains  of  E.  ooli . 

STUDY  NO.  22  The  generation  of  heat  in  a  microwave  oven  is  the  result 
of  molecular  excitation  caused  by  the  penetration  of  microwaves  through 
a  substance.  Consequently,  normal  cooking  temperatures  can  be  reached 
quite  rapidly  because  the  heat  is  generated  within  the  product  and  does 
not  have  to  penetrate  by  normal  conduction  which  requires  a  considerable 
amount  of  time  at  conventional  oven  temperatures.  One  of  the  most 
important  of  the  many  reasons  for  cooking  foods  la  to  kill  pathogenic 
microorganisms.  The  destruction  of  microorganisms  is  based  on  cumnula- 
tive  tine-temperature  relationships.  Because  cooking  by  microwave 
energy  is  more  rapid  than  by  conventional  means,  questions  arise  as  to 
the  safety  of  foods  from  microblologic  hazards  when  cooked  by  microwave 
means.  Initial  findings  indicate  that  microwave  cooking  is  not  quite 
as  effective  in  the  destruction  of  pathogenic  microorganisms  as  conven¬ 
tional  means  but  sufficient  to  render  food  safe  when  suggested  cooking 
temperatures  are  achieved. 
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WORK  UNIT  NO.  004 

STUDY  NO.  II 


EX-5 


BODY  OF  REPORT 

Military  Food  Hygiene 

Investigations  of  microbiological 
methodology  performed  in  conjunction 
with  the  Chapter  Chairman,  agar  plate 
method,  for  development  of  the  14th 
edition  of  Standard  Methods  for  the 
Examination  of  Dalrv  Products 

A  comparison  of  analvst  and  automated 
colony  counters 


PROBLEM 


Scientific  equipment  manufacturers  have  developed  automatic  colony 
counting  machines  (ACCs)  Intended  for  use  when  one  is  determining  the 
microbial  content  of  food  items.  These  machines  reduce  the  amount  of 
technician  time  required  for  counting  plates.  Their  accuracy  and  pre¬ 
cision  have  not  been  fully  evaluated. 


i 

\ 


* 
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Pood  standards,  specifications,  and  guidelines  refer  to  Standard 
Methods  for  the  Examination  of  Dairy  Products  (SMEDP)  or  some  similar 
official  publication  for  analytical  procedures.  SMF.DP  prescribes  that 
standard  methods  agar  (SMA)  plates  will  be  counted  when  estimating  the 
microbial  population  of  foods.  This  publication  prescribes  standards 
of  accuracy,  l.e.  "laboratory  workers  who  cannot  duollcatc  their  own 
counts  on  the  same  plate  within  5%  and  the  counts  of  other  analysts 
within  10X  should  discover  the  cause(s)  and  correct  such  disagreements." 
Earlier  experiments  under  this  study  have  demonstrated  the  SMF.DP  plate 
count  accuracy  standards  arc  unknowingly  frequently  exceeded. 

Consequently,  an  evaluation  of  the  ACCs  with  regard  to  speed,  accuracy, 
and  precision  cormared  to  the  speed,  accuracv,  and  precision  of  analysts 
counting  manually  was  undertaken.  If  the  ACCs  prove  to  be  suitable 
instruments,  substantial  analyst  time  can  be  saved  in  DoD  food  testing 
facilities.  If  the  ACCs  arc  unsatisfactory,  DoD  facilities  will  be 
spared  the  expense  of  the  machines  and  the  possibility  of  erroneous 
analytical  results. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  data  collection  phase  of  this  study  has  been  completed.  A»  expected, 
the  ACCs  provided  for  a  significant  reduction  of  manpower  required  in 
the  counting  o*  agar  plates.  When  counting  plates  manually,  analysts 
require  considerably  more  time  plates  with  high  number  colonies,  i.e. 
greater  than  200  coionias  per  plate;  however,  no  additional  time  is 
required  for  counting  high  count  plates  with  the  ACCs.  The  variation 
in  manual  counting  time  between  analysts  ia  graat;  fvjwevar,  variation 
in  ACC  counting  is  slight.  There  is  variation  in  cr/unting  time  between 
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ACCs  which  cones  primarily  from  two  sources:  the  actual  tine  that  th* 
machines  require  to  arrive  at  a  count  varies,  and  the  physical  con¬ 
figurations  of  the  plate  counting  surfaces  which  made  positioning  the 
plates  more  difficult  on  one  ACC. 

Analysis  of  the  data  collected  when  enumerating  colonies  on  selective 
bacteriological  media  which  included  violet  red  bile  agar,  KF  strepto¬ 
coccal  agar,  sulfite-polymyxin-sulfadiazine  agar,  and  standard  methods 
agar  with  2,1,5  trlphenyltetrazollua  chloride  added.  Analysts'  ability 
to  count  colonies  on  selective  media  by  the  manual  method  was  superior 
to  results  obtained  with  the  use  of  the  automatic  colony  counters. 

Analysis  of  data  collected  when  enumerating  SMA  plates  is  incomplete. 
Initial  observer  .ons  indicate  accuracy  and  precision  by  ACCs  are  not 
equal  to  that  of  analysts.  Further  statistical  analysis  is  required. 

CONCLUSIONS  AND  RECOMMENDATIONS 


ACCs  save  considerable  amounts  of  analyst  tine-  but  apparently  lack  both 
accuracy  and  precision.  The  current  state  of  the  art  in  ACCs  makes 
them  suitable  for  special  purpose  counting  only.  One  application  is 
for  plates  having  too  many  colonies  to  count  manually,  l.e.  Ames 
SaUxmtlla  assay  plates. 

PUBLICATIONS 

GUTHERTZ,  L.S.,  and  J.T.  FRUIN.  Colony  count  accuracy  on  selective 
media:  Analysts  versus  automatic  colony  counters.  J  Food  Prot  (In 
press) 


STUDY  NO.  12  Investigations  into  the 

microbiological  quality  of  food  items 
purchased  by  DoD  for  the  purpose  of 
establishing  tentative  microbiological 
guidelines  for  military  subsistence 

EX-7  A  survey  of  the  microbial  flora  of 

comminuted  pork  and  a  comparative 
study  of  microbiological  and  analyti¬ 
cal  techniques 

PROBLEM 


A  large  volume  of  comminuted  pork  is  procured  annually  for  DoD  con¬ 
sumption.  Microbiological  analysis  of  several  typos  of  these  products 
to  establish  a  data  base  suitable  for  supporting  microbial  guidelines 
is  under  way.  Methods  used  for  analysis  of  these  products  by  DoD 
food  testing  laboratories  have  been  modified  and  compared  to  estab¬ 
lished  procedures  in  paired  tests.  The  effect  of  dilution  water  ion 


♦ 


222 


fC  i*fTZ'-^f 


content  Is  being  evaluated.  The  enteric  gran-negative  flora  of  a  por¬ 
tion  of  samples  tested  have  been  completely  characterized.  Because 
of  the  composition  and  physical  structure  of  pork,  two  different 


methods 

blender 


of  homogenizing  samples  were  conpared.  ^conventional 
and  a  newly  developed  machine  (Stomacher;  that  masce 


masceratea 


by  repeatedly  crushing  the  product,  were  used  to  homogenise  portions 


of  the  same  sample  prior  to  analysis.  The  microbial  content  of^ 
aerosols  created  by  the  conventional  belnder  and  £ha  Stomacher™ 
were  collected  and  characterized  with  an  Andersen1  air  sampler. 


RESULTS  Aid)  DISCUSSION  OK  RESULTS 

The  col  legion  of  aerosols  during  sample  homogenization  showed  the 
Stomacher1"  to  produce  virtually  no  aerosola;  however,  because  of  tha 
high  fat  content  of  the  samples,  the  actual  homogenisation  was  in¬ 
adequate.  Conventional  blending  in  stainless  ctcel  cups  did  create 
bacterial  laden  aerosols.  Characterization  of  tneae  aerosola  ars 
in  progress  to  determine  if  their  bacterial  content  varies  by  sis* 
of  psrticlc  and  to  determine  how  closely  the  bacterial  contsnt  re¬ 
flects  the  content  of  the  samples,  beta  collection  for  other  phaeea 
of  the  study  are  still  in  progress. 

CONCLUSIONS  AND  RECOMMENDATIONS 

It  is  reco mstended  that  when  homogenizing  samples  for  bacterial  analy¬ 
sis,  the  pipetting  port  be  utilized  end  that  material  be  drawn  into 
the  pipet  with  a  suction  bulb  rather  then  bv  mouth. 

PUBLICATIONS 

FRUIN,  J.T.,  L.S.  GUTHKRTZ,  F.J.  TILLMAN,  J.F.  FOSTER  end  H.E. 
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STUDY  NO.  13  Investigations  into  the  use  of 

Croup  D  streptococci  as  indicators 
of  the  hygienic  quality  of  frozen 
food  products 

PROBLEH 

Tha  msthodology  in  currant  usa  for  the  evaluation  of  the  hygienic 
quality  of  frozen  food  products  is  based  upon  the  detection  and  enumera¬ 
tion  of  Eechariahia  'foli.  C,  ooli%  however,  is  subject  to  sublethal 
cellular  Injury  following  several  treatments  to  which  foods  are 
subjected.  One  of  the  ways  this  cellular  injury  is  manifested  is  by 
the  inability  of  the  organism  to  grow  on  the  selective  medis  routinely 
used  for  its  enumeration. 


223 


; rtrz." — ■;?: r ~zr~ 77™-’ '  ~ 


■)*«■!■«■  *1^77  MfU'  |H  ^  w 


•  1  1  .  ."i  M 

1 


This  study  was  undertaken  to  investigate  the  use  of  other  organises, 
such  as  the  Croup  1)  streptococci,  as  hygienic  quality  indicator  or- 
canisns  in  frozen  food  products. 

RESULTS  ANl)  DISCUSSION  OF  RESULTS 


The  7  species  comprising  the  Croup  0  streptococci  and  E.  ooli  have 
been  studied  for  their  ability  ro  survive  freezing  at  temperatures  of 
-A,  -20  and  -80  C  in  water,  0.2  M  phosphate  buffer,  pH  7.0,  10Z  sucrose, 
5Z  glycerol,  and  a  13Z  slurry  of  mashed  potatoes.  The  organisms  were 
also  compared  as  to  their  ability  for  enumeration  on  selective  bac- 
tcrlologic  media.  The  non-enterococcal  portion  of  the  Croup  D  strepto¬ 
cocci,  including  Streptococcus  bovie  and  Streptococcus  equinus ,  exhibited 
narked  sensitivity  to  all  paroneters  measured.  Escherichia  ooli  was 
able  to  survive  freezing  and  frozen  storage,  however  cellular  injury 
prevented  its  enumeration  on  selective  media.  The  enterococcal  por¬ 
tion  of  the  Croup  D  streptococci  demonstrated  resistance  to  the  sub- 
lethal  effects  of  freezing  and  frozen  storage.  Enumeration  of  the 
enterococci  with  the  use  of  selective  media  was  unaffected  by  either 
freezing  or  frozen  storage. 

CONCLUSIONS 

Based  on  the  findings  in  this  study,  it  can  be  concluded  that  E.  ooli, 

3.  boxfio ,  and  3.  equinus  are  poorly  suited  as  hygienic  indicator  or¬ 
ganisms  for  frozen  food  products.  3.  faecalist  S.  faecivn,  ox  S. 
durarus  due  to  their  ability  to  survive  frozen  storage  and  be  enumerated 
on  selective  media  mav  be  acceptable  substitutes  as  hygienic  Indicators. 

RECOMMENDATIONS 


It  is  rccomncndad  that  microbial  guidelines  be  develoned  for  frozen 
food  products  with  the  use  of  either  3.  facaalis,  3.  faeoim ,  or 
3,  durans  as  the  indicator  organism. 

If  E»  coli  is  to  remain  the  indicator  organism  of  choice,  analytical 
methodology  for  the  selective  repair  of  injured  organisms  in  mixed 
culture  systems  must  be  developed. 

PUBLICATIONS 

GUTHEKTZ,  L.S.,  S.L.  TAYLOR  and  J.L.  FOWLER.  Hygienic  Indicator 
Organisms:  A  Comparison  of  Survival  and  Enumeration  of  the  Croup  D 
Streptococci  and  Escherichia  ooli  following  Freezing  and  Frozen  Stor¬ 
age.  Report  No.  52.  Presidio  of  San  Francisco,  California:  Letter- 
man  Army  Institute  of  Research,  April  1978 
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STUDY  NO.  15 


The  effect  of  crvoprotective  Agents 
in  the  survival  of  Cloo  tri-dim 
perfringeno  tvpe  A  vegetative  cells 
In  selected  meat  products  after 
freezing  and  thawing 


PROBLEM 

Clootridixn  perfringeno  type  A  is  now  known  to  be  the  cause  of  a  sig¬ 
nificant  portion  of  fondborne  disease  outbreaks.  In  addition,  C,  per- 
fringene  is  thought  to  be  responsible  for  a  disproportionately  large 
share  of  the  fondborne  disease  outbreaks  of  undetermined  etiology 
because  of  its  unique  cultural  characteristics.  The  organism  is 
anaerobic.  It  is  also  susceptible  to  destruction  at  low  temperature, 
particularly  freezing,  the  recommended  method  of  preserving  samples 
suspected  of  catising  foodbome  illness  when  submitted  to  diagnostic 
laboratories.  Anaerobic  organisms  present  special  problems  for  labora¬ 
tory  isolation.  Consequently,  the  collection,  handling,  shipment, 
storage  and  laboratory  preparation  of  samples  has  a  detrimental  effect 
in  recovery  of  C.  perfringeno,  Crvoprotective  agents  and  agents  that 
reduce  the  oxidation  reduction  potential  of  food  samples,  could  result 
in  a  more  precise  quantitative  isolation  of  C.  perfringeno . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Chemicals  showing  crvoprotective  properties  for  C.  parfringene  are 
glycerol,  methanol,  dimethyl  sulfoxide,  propylene  glycol,  and  ethylene 
glycol.  Survival  of  cells  between  strains  and  replicas  is  highly 
variable.  During  the  freezing  of  complex  substrates  such  as  food 
peroxides  are  formed.  Peroxides  are  known  to  be  effective  in  causing 
either  injury  or  death  to  anaerobic  microorganisms.  Catalase  has  been 
added  to  culture  mediTin  and  causes  a  dramatic  increase  in  the  number 
of  C .  perfringeno  enumerated. 

CONCLUSIONS 


Glycerol,  methanol,  dimethyl  sulfoxide,  propylene  glycol,  and  ethylene 
glvcol  possess  crvoprotective  properties  for  C .  perfringeno . 

RECOMMENDATIONS 

Catalase  and  peroxidases  should  be  evaluated  in  conjunction  with  the 
chemicals  found  to  he  crvoprotective. 

PUBLICATIONS 


STUDY  NO.  17 


Investigations  into  potential 
toxicological  problems  associated 
with  food  items  purchased  by  DoD: 
Identification  of  hazardous  substances, 
evaluation  of  food  safety,  alleviation 
of  toxicological  problems,  and  estab¬ 
lishment  of  tentative  toxicological 
guidelines  for  military  subsistence 

RX-1  Histamine  p  'oduction  by  food  spoilage 

microorganisms  and  development  of  an 
analytical  method  for  detection  of 
histamine  in  food  products 

PROBLEM 

In  several  foodbome  disease  outbreaks,  tuna  end  other  scombroid  fish 
products,  cheese  and  sauerkraut  have  been  implicated  due  to  their 
possibility  for  containing  high  levels  of  histamine.  The  methodology 
available  for  the  routine  analyses  of  these  foods  is  cumbersome  and 
tedious.  In  this  studv  an  evaluation  of  fluorometric  detection 
methods  which  are  sensitive  and  specific  will  be  made.  Various  ex¬ 
traction  procedures  for  the  selective  removal  of  histamine  from  food 
samples  will  be  assessed.  An  evaluation  of  the  use  of  chromatographic 
procedures  for  their  potential  In  removing  Interfering  substances  will 
be  made.  Microbial  decarboxylation  of  histidine  contained  in  foods 
results  in  the  production  of  hlstanlnc.  Although  numerous  microbial 
species  have  been  reported  to  contain  the  required  histidine  decarboxy¬ 
lase  enzyme,  few  quantitative  comparisons  have  been  made.  This  study 
will  make  quantitative  comparisons  of  bacterial  histamine  production 
in  tuna  fish  media  as  well  as  a  synthetic  broth  containing  histidine. 
The  optimal  conditions  for  histamine  production  will  be  determined  for 
several  strains  producing  high  histamine  levels. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Evaluation  of  numerous  amine  detection  methods  showed  that  a  fluoro- 
mctrlc  assay  based  on  o-phthalaldehyde  was  the  moat  sensitive  and 
specific  for  detection  of  histamine.  A  selective  extraction  step 
(using  n-hutanol)  was  used  to  extract  histamine  from  interfering  hls- 
tldyl  dipeptides,,  These  two  procedures  were  combined  to  form  an 
analytical  method  for  histamine  analysis  in  foods  that  will  detect 
histamine  at  levels  as  low  as  0.02  mg  histamine/100  g  food.  Results 
of  pilot  surveys  indicated  that  sauerkraut  and  tuna  fish  had  the 
highest  histamine  contents  of  seafoods,  comminuted  meats,  luncheon 
meats,  cheeses,  and  sauerkraut  products  which  were  analyzed. 

Over  100  different  strains  of  bacteria  were  tested  for  their  ability 
to  produce  histamine  in  tryptlcase  soy  broth  with  histidine  and  a 
broth  media  made  from  a  tuna  fiah  infusion.  Protcu*  morpanii  and 
Entarobaeiar  aaropanaa  displayed  a  quantitative  superiority  in 
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term*  of  histamine  production  in  both  media.  Although  several  strains 
of  Hafnia  alvei,  Provickneia  aleaHfaoiene,  Fnterobaater  cloaoa*, 
Proteua  rettgeri  and  Citrcbaet'P  riivermua  strains  were  found  capable  of 
histamine  production,  it  appeared  as  though  P.  morgcmii  and 
£.  aerogenea  were  the  only  strains  capable  of  producing  sufficient 
histamine  to  ellciv  a  food  poisoning  episode. 

Analysis  of  samples  of  tuna  "sashlni"  involved  in  an  outbreak  of  scom¬ 
broid  fish  poisoning  in  San  Francisco  revealed  10  gram-negative  bac¬ 
terial  strains  present  in  the  product.  When  the  ability  of  each  or¬ 
ganism  to  produce  hiutamlne  in  tuna  fish  infusion  broth  was  monitored, 
a  strain  of  Klebaielut  pnemoniaa  capable  of  producing  712  mgZ  hista¬ 
mine  in  7  hours  was  revealed.  None  of  the  other  organisms  isolated 
were  capable  of  equivalent  histamine  production.  Examination  of 
SO  strains  of  K.  pnewtmla*  isol.  ted  from  foods  indicated  12  of  these 
strains  were  capable  ;  equivalent  levels  of  histamine  production. 
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CONCLUSIONS 


The  method  developed  for  histamine  analysis  in  foods,  by  using  a 
selective  extraction  procedure  and  a  specific  detection  step,  has  ad¬ 
vantage  over  other  reported  methods  with  respect  to  specificity, 
sensitivity,  and  accuracy. 

Proteus  morgcmii,  Enterobaater  aerogenea ,  and  Klebsiella  pneumonia*  have 
the  ability  to  produce  histamine  in  quantities  sufficient  to  elicit 
outbreaks  of  scombroid  fish  poisoning. 
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EX-2  The  toxicity  of  histamine  and  other 

biogenic  amines  as  related  to  food 
poisoning,  the  presence  of  inhibitors 
of  histamine  metabolising  ensymes  in 
food,  dietary  conditions,  and  other 
gastrointestinal  factors 


PROBLEM 

Consumption  of  foods  containing  abnormally  high  levels  of  histamine, 
tyramlne  or  other  biogenic  amines  has  resulted  In  outbreaks  of  food- 
borne  disease.  Histamine,  however,  has  been  orally  administered  to 
rats  in  large  doses  without  apparent  development  of  the  chemical  symp¬ 
toms  of  toxicity.  Three  enxynes  found  in  the  cells  of  the  gastro¬ 
intestinal  tract  are  capable  of  histamine  catabolism  to  non-toxic 
substances.  These  enzymes  are  monoamine  oxidase,  diamine  oxidase  (DAO) 
and  histamlne-N~methyltransferase  (HMT).  Upon  ingestion  of  histamine 
with  a  food,  some  defect  in  the  detoxification  mechanism  must  occur. 
Possible  presence  of  naturally  occurring  or  additive  foodborne  Inhibitors 
of  these  ensymes  requires  investigation. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Rats,  guinea  pigs,  and  rhesus  monkeys  appear  to  have  the  capability 
for  Intestinal  histamine  metabolism,  Hlstamine-N-nethyltrancferaee 
from  jejunal  mucosa  of  rets,  guinea  pigs,  and  rhesus  monkeys  was 
localized  in  the  soluble  fraction.  Diamine  oxidase  (DAO)  from  jejunal 
mucosa  of  rate  end  rhesus  nonkeys  was  localized  in  the  soluble  frac¬ 
tion.  Guinea  pig  jejunal  sucosa  had  no  obaervabla  DA 0  activity.  The 
dissociation  constants  <Xfc)  observed  for  jejunal  HMT  were  33,2  jiM  tor 
ret,  114  jiM  for  rhesus  monkey  and  7.1  jgM  tor  guinea  pig.  The  Rms 
observed  for  jejunal  mucosa  for  DAO  were  0.21  irfi  for  rat  and  *~ 

0.26  mM  for  rhesus  monkey.  Substrate  inhibition  was  cmceuntered  at 
high  substrate  concentrations  with  rat  HMT  and  rat  and  monkey  DAO. 
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Species  differences  occur  in  ability  of  intestinal  tissue  to  catabolize 
histamine.  The  lack  of  DAO  in  guinea  pig  jejunum  and  the  substrate 
inhibition  observed  with  rat  HOT  and  with  rat  and  monkey  DAO  may  have 
profound  implications  in  terms  of  oral  histamine  toxicitv  in  these 
species.  The  lack  of  oral  toxicity  with  histamine  demonstrated  with 
guinea  pigs  and  in  humans  seems  to  indicate  a  vital  role  for  histamine 
catabolism  in  protection  from  the  effects  of  Ingested  histamine. 

CONCLUSIONS  AND  RECOMMENDATIONS 


PUBLICATIONS 


TAYLOR,  S.L.,  and  E.R.  L1EBER.  Subcellular  distribution  and  properties 
of  intestinal  histamine-metabolising  enzymes  from  rats,  guinea  pigs 
and  Rhesus  monkeys.  Comp  Biochem  Physiol  (In  press) 

TAYLOR,  S.J  >,  and  E.R.  LIEBER.  In  vitro  inhibition  of  rat  intestinal 
histamine-metabolizing  enzymes.  (Submitted  for  publication) 

LIEBER,  E.R.,  and  S.I..  TAYLOR.  Inhibition  of  intestinal  histamine- 
metabolizing  enzyme  by  amines  known  to  occur  in  scombroid  fish. 
(Abstract)  Fifth  International  Congress  of  Food  Science  end  Technology 
(Kyoto,  Japan,  17-22  September,  1978) 

EY-3  A  survey  of  commercial lv  packed 

scombroid  fish  products,  luncheon 
meats,  cheese,  and  sauerkraut  for 
histamine  content 


PROhLKM 

Pilot  surveys  indicated  that  the  highest  histamine  contents  could  be 
<?und  in  scombroid  fish  products,  certain  luncheon  meats,  cheese,  and 
sauerkraut.  A  survey  of  histamine  levels  in  these  food  groups  can  be 
used  to  assess  the  potential  of  histamine  poisoning,  to  aet  guidelines 
for  subsistence  foods,  and  to  determine  the  incidence  of  potentially 
tcxlc  levels  of  histamine  in  foods.  Histamine  levels  greater  than 
100  mg/100  g  should  be  considered  harmful.. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Among  50  samples  of  sauerkraut  tasted,  the  range  of  histamine  level 
was  0.91  ag/100  g  to  13.0  mg/100  g  and  the  average  histamine  content 
was  5.06  mg/100  g.  Such  levels  are  much  lower  than  those  associated 
with  histamine  poisoning  ao  it  can  be  concluded  that  sauerkraut  is  s 
low  risk  product  for  this  type  of  foodbom*  outbreak.  When  luncheon 
meat-sausages  were  examined  it  was  found  that  fsrmentsd  sausages  had 
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much  higher  histamine  levels  than  did  the  cooked  and  semi-dry  sausages* 
Cooked  sausages  had  the  lowest  mean  histamine  levels  with  bologna  - 
0.55  mg/100  g,  cooked  salami  -  0.83  mg/100  g,  and  Kosher  aalami  - 
0.50  ag/100  g.  Semi-dry  sausages  had  alightly  higher  mean  histamine 
levels  than  cooked  sausages  with  beef  summr  sausage  -  1,07  mg/100  g, 
thuringer-cervelat  -  2.35  mg/100  g,  and  thurlnger  1.19  mg/1000  g. 

By  comparison  to  cooked  and  semi-dry  sausages ,  dry  sausages  had  larger 
and  more  variable  amounts  of  histamine.  Brand  specific  variations  in 
histamine  content  were  noted  for  dry  sausage,  Italian  dry  salasil  and 
pepperoni.  Statistical  analyses  of  results  would  indicate  that  the 
natural  fermentation  process  used  with  dry  sausages  can  result  in 
the  accumulation  of  high  histamine  levels.  Since  histamine  accumula- 
tlon  is  most  likely  due  to  the  presence  of  undesirable  bacteria  in 
the  early  stages  of  fermentation,  imposition  of  rigorous  quality  con¬ 
trol  procedures  should  circumvent  any  possible  public  health  problems. 

One-hundred  cheese  samples  were  examined  for  their  histamine  levels  and 
data  analysis  is  currently  in  progress. 

CONCLUSIONS 

None 

KKOMlENnATIONS 

None 

PUBLICATIONS 

TAYLOR,  S.L.,  M.  LEATHERWOOD,  and  E.R.  LIEBER.  A  survey  of  histamine 
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TAYLOR,  S.L.,  M.  LEATHERWOOD,  and  E.R.  LIEBER.  Histamine  in  sauerkraut. 
A  Research  Note.  J  Food  Sci  43:1030-1032,  1978 

TAYLOR,  S.L.,  E.R.  LIEBER,  and  M.  LEATHERWOOD.  A  survey  of  histamine 
levels  in  commercially  processed  scombroid  fish  products.  J  Food 
Quality  1:393-397,  1977-78 

STUDY  No.  19  Investigation  into  potential  Insect 

Induced  toxicological  problems  in 
foods 

EX-1  Insect  toxic  products  in  military 

subsistence  -  Induction  end 
quantitation 
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The  nilitary,  with  it*  necessity  for  tr«n«(K>rt  and  extended  stor *r,«  of 
food*  in  environment*  favorable  to  insect  infestation,  ha*  concern 
about  the  potential  health  hazard*  associated  with  chemicals  re¬ 
leased  bv  insect*  into  nilitary  subslntenc*.  Several  insect  species 
have  been  recognized  as  important  pest*  of  nilitary  subsistence  and 
nany  of  these  stored  product  innocts  are  known  to  release  chemicals 
into  Infested  food  products.  The  nature  and  toxicity  of  nany  of  the 
chemicals  remain  to  be  determined.  At  present,  no  satisfactory  methods 
are  available  for  detecting  insect- induced  chemicals  in  th*  contami¬ 
nated  subsistence.  Toxicological  evaluation  of  these  chemicals  is 
impossible  in  the  absence  of  standardized  methods  for  identification 
and  quantitation  of  the  suspected  material.  The  present  study  (a  joint 
effort  of  Department  of  Tropical  Medicine  and  Pood  Hygeiene  Division, 
Department  of  Nutrition)  is  designed  to  establish  an  in-house  resource 
of  selected  insects  of  military  subsistence,  to  develop  the  required  / 
methodology,  and  to  investigate  conditions  which  promote  th*  release  of  ' 
the  toxic  chemicals. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Three  additional  species  of  stored  products  Insects  have  been  added 
to  the  inaectary:  Tnbolim  deetnuftor  and  T .  audax  (both  Coleoptera, 
Tenebrionidae)  and  Rhuzopartha  donittioa  (Coleoptera,  Bostrlchidae) . 

The  total  nunber  of  colonics  is  now  12.  Obtaining  the  tene- 
brlonlds  is  particularly  significant  because  of  the  releaae  of  £• 
benzoquinones  by  these  Insects.  R.  dominica  is  also  reported  to  impart 
a  characteristic  odor  to  the  material  that  it  Infests.  Studies  have 
been  initiated  for  rearing  these  beetles  on  subsistence  items  and 
preliminary  results  look  promising.  Controlled  rearing  procedures 
will  permit  qualitative  and  quantitative  gas-liquid  chromatographic 
(GLC)  analysis  of  the  oybenzoquinone*  in  sexed  adults  of  known  age. 

The  GLC  analysis  of  2-ncthyi-l ,4-benxoquinone  (MBQ) ,  2-ethyl-l ,4-benzo- 
qulnone  (EBQ)  and  1-pentadecen*  (PD)  in  sexed  Tribolim  brtviaomia , 

7.  oae tana un t  ?,  oonfugutn ,  and  T.  rnadene  of  known  age  postecdysls  has 
been  completed. 

Th*  GLC  analvscs  of  Cyrumgus  anguetue  (Coleoptera,  Tenebrionidae) 
extracts  for  MBQ,  EBQ  and  PD  have  been  performed.  The  three  major 
peaks  detected  did  not  correspond  to  those  of  MBQ,  EBQ  and  PD.  Since 
a  quinomt  odor  1*  detected  from  adult  insects  when  disturbed,  they  are 
probably  releasing  substituted  benzoqulncnes  other  then  MBQ  and  EBQ. 

Extracts  of  these  insects  were  submitted  to  us  for  analysis  by 
colleagues  at  the  University  of  Minnesots  where  the  frequency  of 
infestation  by  this  insect  is  increasing. 
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Approval  lias  boon  obtained  to  conduct  studies  on  the  effects  of  hydrogen 
phosphide  fumigation  on  benzoquinone  release  fron  Tenehrionides  flour 
beetles.  Aluninun  phosphide,  which  generates  hydrogen  phosnhlde,  is 
tl>e  Amv's  fumigant  of  choice  and  is  currently  used  extensively  for 
stored  products  insect  infestation. 

CONCLUSIONS 

The  in-house  resource  of  coleopterous  storcd-products  pests  of  military 
subsistence  has  been  expanded  to  twelve  species  reared  on  selected  sub¬ 
sistence  i tens.  These  include  six  species  of  Tenebrionlds,  known  or 
suspected  of  producing  and  releasing  j>-benzoquinones  into  the  subsis¬ 
tence  they  infest.  Studies  were  completed  on  the  levels  of  j»-benxo- 
quinones  and  1-pentadcccne  in  four  species  of  Tribolim  flour  beetles 
and  have  been  initiated  on  two  other  species. 

RECOMMENDATIONS 

The  investigation  of  £-bcnzoouinones  and  1-pentadecene  released  by 
other  species  of  Tiibolim  should  be  continued.  Further  work  is  also 
necessarv  on  the  release  of  these  chemicals  fron  flour  beetles  into 
infested  commodities  under  different  environmental  and  stress  conditions. 
These  data  will  provide  information  on  the  amount  of  £-bcnzoquinone 
present  in  infested  flour  which  will  be  necessarv  for  future  toxi¬ 
cological  analyses. 

PUBLICATIONS 

WIRTZ,  K.A.,  S.L.  TAYLOR  and  H.G.  SLMLY.  Concentrations  of  substituted 
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WIRTZ,  K.A.,  S.L.  TAYI/1R,  snd  H.G.  SLHEY.  Concentrations  of  substituted 
£-benzoquinoncs  and  1-pentadecene  in  the  flour  beetles  Tribolim 
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STUDY  NO.  19 


Investigation  into  potential  insect 
induced  toxicological  problems  in 
food 

Benzoqulonones  fron  the  racrotory 
glands  of  Tribolim  oonfuam  snd 
Tribolim  oemtamm  -  Assay, 
reactions,,  affects,  and  acute  toxicity 


PROBLKl 

Stored  products  insect  damage  to  DoD  subsistence  items  is  anpreciabla 
and  costly.  The  current  criteria  for  disposal  of  Infested  subsistence 


materials  arc  based  on  crude  ncasuments  of  whole  insects  and  or 
fragment  counts.  Sonc  stored  products  insects  release  toxic  products 
into  the  infested  counodity  which  nay  not  be  detected  bv  using  current 
rejection  criteria.  The  tenbrionld  flour  bceltcs  release  £-henzoquinones, 
and  other  conpounds,  which  have  been  reported  to  be  toxic  and  carci¬ 
nogenic  in  laboratory  animals.  A  need  exists  to  verify  these  reports 
and  to  determine  the  toxicity  and  carcinogenicity /mutagenicity  of  the 
benzoquinones  released  by  flour  beetles  into  subsistence  items  which 
might  be  consumed  by  military  personnel.  The  methods  of  choice  for 
initial  determination  of  benzoqulnonc  toxicity  and  mutagenicity  are 
the  Ames  Salnmutlla  typhiniurim  assay  and  the  sex-linked  recessive 
lethal  Oroaopkila  mlanogaetcr  test. 

RESULTS  AND  mSCUSSIOH  OF  RESULTS 

Initial  attempts  to  determine  the  mutagenic  activities  of  synthesized 
£-benznquionones  and  Insect  secretory  products  were  unsuccessful  be¬ 
cause  of  the  incompatibility  of  extraction  solvents  used  with  the  Ames 
assay  medium.  New  extraction  methods  have  been  developed  and  pilot 
studies  completed  which  indicate  that  beetle  extracts  with  high  levels 
of  £-hcnzoquinones  can  be  supplied  in  solvents  routinely  used  with 
the  Anes  assay. 

Although  quantitation  was  uncontrolled  in  the  initial  tests  because  of 
solvent  incompatibility,  it  appears  that  the  tenbrionld  beetle  extracts 
and  the  individual  ^-benzoquinones  tested  were  lethal  to  the  Salmonella 
test  strains.  This  experiment  is  a  joint  effort  of  personnel  from 
department  of  Tropical  Medicine  and  food  Hygiene  division,  Department 
of  Nutrition. 

CONCLUSIONS 

None;  this  study  has  not  been  conpleted. 

RECOMMENDATIONS 

The  toxic  and  mutagenic  effects  of  tenebrlonld  beetle  extracts  and 
individual  jv-bcnzoqulnoues  using  tits  Ames  assay  should  be  conpleted. 

The  effects  of  these  materials  should  also  be  examined  using  the 
sex-linked  recessive  lethal  Droeophila  test.  This  information,  as 
well  as  acute  and  chronic  toxicity  levels  of  the  benzoquinones,  will 
be  necessary  to  establish  guidelines  for  rejection  criteria  of 
tenebrlonid-infested  nilitary  subsistence. 

PUBLICATIONS 

None 
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STUDY  HO.  21  Enterotoxigenic  Escherichia  coli 

(EEC)  from  foods 

EX-1  Assessment  of  aethods  for  the 

Identification  of  enterotoxin- 
producing  Escherichia  coli  strains 

PROBLEM 

Until  recently,  gastroenteritis  of  bacterial  origin  was  most  commonly 
associated  with  species  of  Salmonella,  Shigella,  and  Staphylococcus 
aureus.  Adequate  methodology  for  isolation  and  Identification  of  these 
organisms  exists.  However,  adequate  methods  for  the  separation 
and  identification  of  the  recently  recognised  enterotoxigenic  strains 
of  Escherichia  coli  (ECC)  have  not  been  developed.  Although  this  orga¬ 
nism  is  frequently  isolated  from  foods,  the  incident  of  strains  with 
enterotoxigenic  potential  is  unknown.  Foods  are  a  vehicle  for 
transmission  of  such  strains.  Our  ability  to  isolate  and  identify 
these  strains  is  important  for  the  protection  of  our  troops'  health. 

Invasive  as  well  as  non-invasive  strains  of  enterotoxigenic  E.  coli 
have  been  identified.  Among  the  non-invasive  strains  which  can  produce 
diarrheal  syndromes  similar  to  salmonellosis,  organisms  may  produce 
either  an  antigenic  heat-labile  enterotoxln  (LT)  or  a  non-antigenlc 
heat-stable  enterotoxln  (ST)  or  both  types.  Although  several  clinical 
assays  have  been  developed  for  the  identification  of  LT-producing 
strains,  the  ligated  intestinal  loop  is  the  only  method  available  for 
the  assay  of  ST. 

This  experiment  will  evaluate  the  use  of  these  methods  for  identifica¬ 
tion  of  EEC  in  foods  as  well  as  for  their  routine  use  in  food  testing 
laboratories.  An  assessment  of  the  incidence  of  EEC  in  military  sub¬ 
sistence  will  be  made. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

None;  this  study  has  not  been  completed. 

CONCLUSIONS  AND  RECOMENDATIONS 

None 

PUBLICATIONS 

None 
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EX-2  Methodology  for  isolation  of  EEC  from 

foods 


PROBLEM 

Foods  con  serve  as  the  vehicle  for  the  transmission  of  enterotoxln- 
producing  strains  of  K .  ooli  (EEC).  In  1971,  the  first  documented 
case  of  such  a  transmission  was  reported  when  on  isolate  of  E,  ooli 
serotype  0124:1117  was  identified  as  the  causative  agent  in  an  out¬ 
break  which  occurred  following  the  consumption  of  Imported  cheese. 
Following  this  outbreak,  a  protocol  based  on  serotyping,  use  of  elevated 
incubation  temperatures,  and  enrichment  media  was  proposed  for  Isolation 
and  identification  of  enterotoxigenic  t.  ooli  strains. 

Kucently  published  studies  have  shown,  however,  that  no  relationship 
exists  between  serotvpe  and  enterotoxigenic  capability.  This  correlates 
with  the  biological  nature  of  plasmids  and  the  demonstration  that 
enterotoxin  production  by  K.  ooli  is  plasmid  mediated. 

E.  ooli  is  frequently  isolated  from  foods  and  it  is  not  uncoisnon  for  a 
food  product  to  contain  o  or  more  biotypes  of  this  organism.  A  deter¬ 
mination  of  the  enterotoxigunlc  capabilities  of  each  Isolated  blotype 
would  be  expensive,  time-consuming,  and  not  feasible  for  a  routine  food 
testing  laboratory. 

There  is  a  need  for  methodology  outlining  the  selective  isolation  and 
identification  of  strains  with  enterotoxigenic  potential.  This  experi¬ 
ment  is  to  determine  necessary  conditions  for  the  selective  Isolation 
of  enterotoxigenic  strains  of  l\  ooli  present  in  foods. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

None;  this  study  has  not  been  completed, 

CONCLUSIONS  AMU  KECOTODATIONS 

None 

PUBLICATIONS 

None 

STUDY  NO.  22  Survival  of  pathogenic  organisms  in 

food  prepared  in  a  microwave  oven 

PROBLEM 

Cooking  by  use  of  microwave  energy  is  a  feasible  means  of  reducing 
overall  cooking  tine,  conserving  food  nrepsratlon  space,  reducing 
manpower  requirements  for  final  food  preparation  and,  whan  properly 


employed,  can  reduce  the  overall  energy  ueed  in  preparing  foods  for 
consumption.  The  Department  of  the  Army  (DA)  has  evaluated  the  use 
of  microwave  cookery  in  conventional ,  proposed  garrison  and  proposed 
nodular  field  facilities  from  an  overall  acceptance  standpoint  in 
addition  to  their  resource  conserving  features. 

Sone  important  short-comings  of  microwave  cookery  have  also  been 
identified  and  include:  the  lack  of  browning  and  aaaodated  flavor 
formation,  irregular  heating  of  large  or  bulk  food  items.  Inability 
to  heat  products  in  octal  or  foil  containers,  excessive  drying,  and 
the  inability  to  select  slower  heating  rates  are  some  of  the  dis¬ 
advantages  most  often  listed.  Fortunately,  except  for  the  lack  of 
browning  and  flavor  development,  which  is  irrelevant  to  this  discus¬ 
sion,  these  deficiencies  can  be  circumvented  or  negated  with  progres¬ 
sive  food  service  management  and/or  oven  design. 

During  the  conventional  cooking  process,  the  death  of  microorganisms 
is  directly  related  to  cumulative  tine  and  temperature  values.  Be¬ 
cause  of  tiie  extremely  rapid  heat  transfer  into  food  items  during 
nicrowave  cooking,  the  tine /temperature  values  attributed  to  conven¬ 
tional  cooking  are  not  achieved.  Tills  has  led  to  questions  concerning 
microwave  cooking  from  a  public  health  standpoint:  Are  foodbome 
pathogenic  microorganisms  and  heat  labile  toxins  destroyed? 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  pilot  experiments  in  which  meatloaf  won  used  as  the  contaminated 
medium,  there  was  considerable  variation  in  the  temperature  of  a  pro¬ 
duct  after  cooking.  Temperatures  were  recorded  at  9  positions  in  the 
medium  innedlately  after  cooking.  A  variation  from  position  to  position 
of  approximately  60  C,  45  C  and  30  C  for  nicrowave,  conventional  oven 
and  slow  cookery,  respectively.  With  such  a  wide  variation  in  tempera¬ 
tures,  care  was  taken  to  assure  the  Inoculating  organisms  were  uniformly 
dispersed  throughout  the  loaf  and  that  sample*  for  isolation  were 
representative  of  all  areas  of  the  loaf.  Microbial  analysis  taken 
immediately  after  cooking  was  compared  to  the  inoculum.  The  log  of 
the  survival  rate  was  then  plotted  against  the  temperature  for 
Cloetridim  perfrtngena,  EBchtrichia  coli ,  Straptoooccut  faeoalie, 

Staphy Ioooqcub  aureus  and  total  aerobic  plate  count.  As  expected, 
the  most  effective  form  of  cooking  with  regard  to  microbial  destruction 
was  slow  cooking  followed  by  conventional  oven  and  then  nicrowave  oven 
in  all  cases. 

CONCLUSIONS 

Further  analysis  of  data  and  possibly  more  replica*  of  experiments  is 
required. 
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May  1978 
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23.  (U)  The  objectives  are  to  provide  radioisotope  support  to  all  projects  requiring 
the  use  of  radioisotopes  and  inprove  procedures  and  counting  techniques  where  needed, 

to  conduct  radioactive  counting  procedures  for  joint  military  medical  research  projacts, 
to  conduct  research  to  improve  technology,  and  to  adapt  existing  technology  to  research 
areas  of  significance  to  the  LAIR  mission. 

24.  (C)  Methodology  research  is  conducted  as  required  to  improve  existing  procedures. 
Nine  automatic  sample  changing  radiation'  detection  instruments  are  maintained  for  detec¬ 
tion  of  beta  and  ganssa  radiation.  All  aspects  of  the  radiological  protection  program, 
as  required  by  Nuclear  Regulatory  Commission  licensure,  sre  conducted. 

25.  (f)  77  10  -  78  09  Research  support  has  been  provided  to  39  Investigators  and  their 

technicians  utilizing  radioisotopes  during  this  period.  Support  provided  includes 
procuranent  and  storage  of  radioisotopes,  rsdlstlon  safety  monitoring,  decontamination 

'  of  glassware,  radioactive  waste  disposal  and  maintenance  of  logs  and  records  as  required 
'  ov  Nuclear  Regulatory  Commission  and  Army  regulations.  Consultation  concerning  proper 
,  use  ana  application  of  radioisotope  technology  hes  been  provided  as  needed.  Through 
:  tne  cooperative  effort  of  the  Keelth  Physics  Officer,  LAMC,  the  Physicist,  LAMC,  and 
'  tne  Raciological  Protection  Officer,  LAIR,  s  40-hour  aKA  accredited  training  course, 

!  entitlec,  "Safe  Use  and  Handling  of  Radioisotopes,"  was  presented  In  Nov ember  1977  and 
■  again  ir.  May  1973.  This  work  unit  is  terminated  due  to  directed  realignment  tf  the 
LAIS  research  ptograa. 
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ABSTRACT 

PROJECT  NO,  3M16272811  Military  Nutrition  and  Food  Hyglena 

WORK  UNIT  NO,  003  Radioisotope  Support  Cor  Military 

Medical  Research 

Research  investigators  are  currently  being  supported  with  radioisotope 
services,  including  procurement  and  storage  of  radioisotopes,  radiation 
safety  monitoring,  decontamination  of  glassware,  waste  disposal,  main¬ 
tenance  of  appropriate  logs  and  records,  and  maintenance  of  radiation 
detection  instruments  for  investigator  use.  A  40-hour  AMA  accredited 
training  course  entitled,  "The  Safe  Use  and  Handling  of  Radioisotopes," 
was  presented  on  2  separate  occasions  during  the  current  fiscal  yeur. 


i 
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WORK  UNIT  NO.  005 

PR031EM 


Radioisotope  Support  for  Military 
Medical  Research 


Military  medical  research  projects  often  require  the  use  of 
radioisotopes.  Adherence  to  governmental  regulations  to  ensure  safe 
usage  of  radioisotopes  by  investigators  is  essential.  Nuclear  Regula¬ 
tory  Commission  and  Army  regulations  describe  rules  for  procurement  and 
storage  of  radioisotopes,  radiation  safety  monitoring,  decontamination 
of  glassware,  radioactive  waste  disposal,  and  maintenance  of  logs  and 
records.  Maintenance  of  radiation  detection  Instruments  and  training 
of  personnel  in  the  safe  use  of  radioisotopes  is  necessary.  In  order 
to  meet  these  requirements,  centralized  radioisotope  support  is 
essential. 


RESULTS  AND  DISCUSSION  OF  RESULTS 

The  use  of  radioisotopes  in  biomedical  research  has  proven  useful. 
Radioactive  substances  may  be  used  for  tracer  studies  and  therapy. 

Tracer  studies  may  hn  utilized  in  either  basic  research  or  as  diagnostic 
aids.  Tracer  procedures  may  be  employed  to  follow  the  behavior  of 
specific  elements  or  compounds  in  the  body  or  to  follow  the  path  of  any 
molecule  to  which  a  radioactive  atom  has  been  attached,  when  the  latter 
takes  no  part  in  the  metabolisn.  Tims,  the  formation  of  metabolic 
products  can  be  traced,  the  utilization  of  metabolic  products  can  be 
observed,  and  turnover  studies  can  be  readily  performed.  The  Radio¬ 
isotope  Division  ia  responsible  for  procurement  and  storage  of 
radioisotopes,  radiation  safety  monitoring,  decontamination  of  glassware, 
radioactive  waste  disposal,  and  maintenance  of  logs  and  regulations.  All 
support  functions  delegated  to  the  Radioisotope  Division  were  maintained. 
Advice  and  counael  are  given  to  investigators  regarding  the  use  of 
radioisotopes,  beta  and  gamna  counting  instruments  are  maintained  for 
use  of  Investigators  at  LAIR  in  support  of  military  medical  research. 
Current  instrumentation  includes  7  liquid  scintillation  counters  and 
4  gamma  counting  Instruments. 

The  Department  of  Information  Sciences  is  able  to  provide  computer 
programming  support  such  as  disintegrations  per  minute  for  the  beta 
counters  and  various  other  programmable  systems.  This  computer  support 
saves  investigators  and  their  technicians  many  man-hours  which  can  be 
better  utilized  for  furthering  their  research  efforts. 

Bulk  procurement  of  radioisotope  support  supplies,  such  as  liquid 
scintillation  counting  solutions  and  vials,  results  its  price  difference 
savings.  Additional  savings  are  accrued  by  processing  a  few  large 
orders  lnatead  of  numerous  small  orders  (ton  the  39  research  Investi¬ 
gators  currently  authorized  to  use  radioisotopes.  A  charge  bsck  system 
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has  been  established  co  distribute  these  coots  to  the  appropriate 
research  work  unit. 

Through  the  cooperative  effort  of  the  Health  Physics  Officer,  LAMC,  the 
Physicist,  LAMC,  and  the  Radiological  Protection  Officer,  LAIR,  a  40-hour 
training  course  entllted,  "Safe  Use  and  Handling  cf  Radioisotopes,"  was 
presented  in  November  1977  and  again  in  May  1978.  This  course  is  no* 

AKA  accredited. 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  use  of  radioisotopes  is  essential  to  the  mission  of  LAIP..  It  la 
recommended  that  the  centralised  support  activity  be  maintained  as  the 
most  economical  and  efficient  means  of  making  radioisotopes  available  to 
research  Investigators  while  maintaining  adequate  control  of  their  use 
and  thus  protecting  the  health  of  laboratory  personnel.  Technological 
studies  should  continue  to  identify  the  most  efficient,  the  most  accu¬ 
rate,  and  the  most  economical  laboratory  procedures  to  be  used  in  the 
routine  use  of  radioisotopes. 

PUBLICATIONS 


None 
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23.  <U>  Adequate  nutrition  la  recoinlxed  aa  aaaantlal  for  the  propar  healing  of  wounda. 
Acquirements  for  auch  nutrlanta  aa  protein  and  calorlae  ara  known  to  be  higher  than 
thos*  required  for  nomal  naintenanca.  Other  nutrlanta  auch  a*  vitanin  A,  vitaoln  C, 
and  tine  ara  •aaeutial  to  nomal  wound  healing  but  the  nature  of  chair  role  realalna 
uadarlfled,  Tha  objective  of  thaae  atudlea  la  to  investigate  various  nutrients  such 
aa  aaino  acids,  vitamins,  and  ninarala,  and  detemine  their  role  lu  recovery  fro* 
wounda,  particularly  ccabat  wounda. 

24.  (0)  Tha  approach  will  be  to  Investigate  (a)  effects  of  prior  nutrition  upon 
recovery  fro*  trauma;  (b)  affects  of  apaciflc  nutrlanta  during  tha  recovery  phase;  and 
(c)  tha  biochaad«*d  rolaa  of  specific  nutrients  in  tlssua  repair  and  recovery. 

25.  (U)  77  10  -  78  09  Due  to  loesea  in  personnel  and  positions,  studies  on  this 

work  oait  ware  not  initiated. 
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23.  (U)  in  the  peat,  approximately  25X  of  tlic  operations  perfomed  vn  coabat  surgical 


hospitals  vere  for  bone  and  joint  injuries.  At  cusrent  hospitalisation  costs  of 
$168.00/day  and  a  conservative  estimate  for  soldier  compensation  of  $20.00/d»y,  the 
traataant  of  these  bone  and  Joint  injuries  in  the  Amy  between  the  years  of  1964  and 
1969  would  cost  $935,008,282.30.  Also,  Army  dental  facilities  perform  «  tteaendous 
aaount  of  tooth  restoiatlons.  For  example,  in  FT  75,  the  Arnv  performed  859,722  tooth 
restorations  at  a  cost  of  $6,488,290.00.  This  research  is  directed  at  decreasing  these 
numbers  by  increasing  the  absorption  and  retention  of  calclua  and  phosphorus  through 
nutritional  and  medical  therapeutic  improvements. 

24.  (U)  Vitamin  D  and  its  metabolites,  especially  the  active  hormonal  forts, 
1,25-dlh/droxycbolecelclferol,  are  associated  with  aetabollc  increases  in  intestinal 
calclua  absorption,  increased  bone  calcium  mobilisation,  and  the  induction  of  calcium 
binding  protein  (CaSP).  In  order  to  understand  better  the  mechanism  of  calcium  trans¬ 
port  and  homeostatic  regulation  of  calclua,  in  vivo  animal  studies  were  performed  by 
altering  various  nutritionsl  conditions,  such  as  dietary  calcium,  phosphorus,  and 

1  25-dih.ydroxycholecalciferol.  Intestinal  calcium  transport,  bone  calcium  uptake  and 
mobilisation,  and  CaBP  concentrations  war#  analysed  in  these  various  studies. 

25.  (U)  77  ]0  -  78  09  Sevsral  in  vivo  animal  studies  have  hewn  designed  and  conducted 

during  the  year.  The  results  from  these  studies  have  significant  impact  on  understand¬ 
ing  dittary  and  therapeutic  regulation  of  calcium  absorption  and  boric  calcium  uptake 
and  bone  calcium  mineralisation.  Technological  advances  from  these  studies  have  been 
reported  in  5  research  journal  articles  (published  or  in  press),  «  published  abstracts, 
5  article*  suml’.ted  to  pusbliahers,  and  10  potential  manuscript*  currently  in  an  ad¬ 
vanced  stage  of  laboratory  data  analyses.  Work  unit  is  terminated  due  to  loss  of 
ptffonn^l* 


0D/.V.' 1498 


•mnurumaiu 


•  At  VfftUt  **  TM1*  *****  *•«  OIMkltl  180  9«»M*  «*••*.  *  M 

«•*«>  »  «*4*  II  «*•*  *****  Wit  I  A*t^M#Vt*t 


yg 

d 


ABSTRACT 


PROJECT  HO.  3H76772A811  Military  Internal  Medicine 

WORK  UNIT  NO.  007  Baalc  Studies  to  Prevent  or  Sneed 

Recovery  from  Bone  Injuries 

The  following  Investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Basic  nineral  metabolism  studies 

Studies  have  demonstrated  that  1,25-dlhydroxycholecaldferol  (1, 25(011)203) 
given  to  vitamin  0-deflclaut  chicks  mediated  an  increase  in  serum  cal¬ 
cium  concentration  (bona  calcium  mobilisation) ,  an  increase  in  calcium 
transport  across  the  intestine,  an  incrcaae  in  hone  calcium  uptake,  and 
induced  a  calcium  binding  protein  (CaBP) .  All  of  the  mediated  effects 
except  the  Increase  in  calcium  transport  were  blocked  by  cydohexlmlde, 
a  protein  synthesis  Inhibitor.  The  results  demonstrate  that  protein 
synthesis  is  necessary  for  the  l,25(OH)2D3  mediated  bone  Ca  uptake  and 
bone  Ca  mobilisation,  hut  is  not  necessary  for  the  mediated  Ca  transport 
across  the  intestine.  Although  CaBP  is  not  nacessary  for  this  initial 
mediated  increase  in  Ca  transport  by  l,25(Qtt)2D3,  it  does  appear  to  be 
a  regulator  of  cellular  Ca  concentration  since  its  synthesis  parallels 
a  decrease  in  cellular  Ca  accumulation.  A  study  involving  the  Influence 
of  dietary  Ca  upon  the  synthesis  of  CaBP  damonstrated  a  direct  relation¬ 
ship  between  CaBP  and  the  dietary  Ca  concentration.  Except  for  at  least 
the  initial  Ca  transport  across  the  intestine,  1,25(CH)2D3  appeared  to 
mediate  its  responses  as  a  typical  hormone  via  protein  synthesis. 
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WORK  UNIT  NO.  007 

STUDY  NO.  1 

PROBLEM 


Basic  Studies  to  Prevent  or  Speed 
Recovery  from  Bone  Injuries 

Basic  mineral  metabolism  studies 


Approximately  2SZ  of  combat  trauma  includes  fracture  wounds.  The  impact 
of  fracture  wounds  is  greater  than  that  of  flesh  wounds  because  the 
degree  of  incapacitation  la  considerably  greater,  the  patients  usually 
must  be  evacuated,  and  the  recovery  time  is  usually  prolonged.  Fracture 
wounds  accounted  for  5.78  million  man-days  lost  by  the  Army  between 
1964  and  1969.  While  considerable  effort  has  been  expended  to  develop 
and  perfect  methods  of  treatment  for  both  flesh  and  fracture  wounds,  no 
specific  efforts  have  been  rude  at  the  field  level  to  modify  the  suscep¬ 
tibility  of  soldiers  to  fracture  wounds.  Susceptibility  to  fracture 
wounds  varies  greatly.  Some  individuals  are  quite  resistant  even  to 
heavy  trauma.  Others  sustain  fractures  without  apparent  trauma  (stress 
fractures).  The  degree  of  bone  mineralization  is  a  function  of  both 
the  amount  of  calcium  and  phosphorus  absorbed  from  the  gut  and  that 
retained  by  the  kidney.  Vitamin  D  is  intimately  Involved  in  both 
intestinal  absorption  and  renal  retention  of  calcium  as  well  as  in  the 
mineralization  process.  To  understand  better  the  regulation  of 
intestinal  calcium  absorption,  the  acute  response  to  1,25-dihvdroxy 
vitamin  D3  (l,25-ON2D3>  was  studied  in  the  intestine  and  bone  of  chicks 
with  rickets. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Rachitic  chicks  were  given  62.5  pntol  of  1,25(OH)2Dj,  Cyclohexlmide  in 
50  ug  doses  was  administered  starting  1  h  before  1,25(OU)2Dj,  and  at 
subsequent  4-h  intervals.  The  usual  1,25(OH)2Dj  mediated  Increase  in 
Ca  transport  as  measured  by  l*5Ca  in  the  serum  was  observed.  This 
mediated  increase  was  not  blocked  by  cyclohexlmide.  l,5Ca  uptake  by 
bone  was  significantly  increased  by  3  h  after  l,25(OH)2Ds  administra¬ 
tion,  maximized  by  18  h,  and  declined  to  control  level  by  72  h. 

However,  unlike  transport,  this  1 v 2 5 COII) 2D3  mediated  bone  response  was 
blocked  by  cyclohexlmide.  The  1,25(OH)2Dj  mediated  increase  in  serum 
C».  was  also  blocked  by  cyclohexlmide.  The  data  suggest  that  1,25(OH>2Dj 
InducvS  protein  synthesis  which  is  necessary  for  both  bone  mineral 
uptake  and  mobilization.  However,  we  cannot  conclude  whether  or  not 
both  actions  of  1,25(0(1)203  on  bone  are  mediated  by  the  same  proteln(s). 
The  data  also  show  that  the  l,25(OH)2Dj  mediated  mechanisms  of  the 
Intestine  and  bone  are  Independent  of  each  other. 

In  order  to  determine  dosage  effects  on  serum  Ca,  intestinal  ‘,5Ca 
transport,  bone  kiC*  uptake,  duodenal  Ca  accumulation,  and  Intestinal 
CaBP,  rachitic  chicks  were  given  various  doses  (0,  1,  10,  100,  1000  I.U.) 


of  l,2*(aH)2»3  <1  I*u*  •  62‘5  P""1)*  The  follow!"*  results  were 
observed  3  h  after  l,25(OH)2D3  waa  administered:  1)  no  apparent  dif¬ 
ferences  among  serum  Ca;  2)  intestinal  l,sCa  transport  and  bone  ^Ca 
uptake  started  to  increase  proportionally  with  dosage  but  then  leveled 
off  at  the  three  higher  doses;  3)  Ca  accumulation  increased  proportion¬ 
ally  with  the  dosage  except  at  the  1000  1.0.  dose  which  remained  at 
control  (0  l.U.)  level;  and  4)  CaBP  waa  absent  except  at  the  high  doses 
(100  and  1000  l.U.)  where  CaBP  waa  barely  detectable.  At  18  h  after 
l,25(OH)2D3  waa  administered,  the  following  results  uere  observed: 

1)  serum  Ca  was  Increased  at  all  dosage  levels  over  the  controls;  2) 
intestinal  '*5Ca  transport  and  bone  45Ca  uptake  increased  proportionally 
with  dosage  of  l,25(0*O2D3;  3)  Ca  accumulation  initially  remained  at 
control  level  for  the  1  l.U.  dose  and  then  decreased  and  leveled  out 
for  the  100  and  1000  l.U.  doses;  and  4)  CaBP  concentrations  increased 
proportionally  with  dosage.  It  is  apparent  that  the  mediated  effects 
of  l,25(Otl)2l>3  *re  affected  proportionally  by  the  dosage  of  the  metabo¬ 
lite  at  the  longer  time  period  (18  h).  However,  the  higher  doses  at 
the  shorter  time  period  (3  h)  apparently  saturated  the  system  and  the 
effect  remains  constant  at  the  higher  dose  levels. 

A  3  X  3  factorial  design  waa  used  to  assess  the  Influence  of  dietary 
calcium  and  dietary  phosphorus  on  the  mediated  responses  of  62.5  pmol 
of  l,25(OH)203  in  rachitic  chicks.  Intestinal  calcium  transport,  CaBP, 
in  vivo  Ca  accumulation  by  duodenal  cells  during  transport,  serum  cal¬ 
cium  and  phosphorus  concentrations,  bone  accumulation  of  transported 
**'*Ca  and  percent  bone  ash  were  assessed  24  h  after  administering  the 
l,25(OH)2D3  dose  and  simultaneously  changing  the  diet.  We  found  a 
direct  relationship  between  dietary  calcium  concentration  and  CaBP 
concentration  rather  than  the  inverse  relationship  characteristic  of 
adaptation  of  normal  chicks  to  low  dietary  calcium.  Chicks  fed  normal 
dietary  calcium  and  phosphorus  levels  responded  to  l,25(Ott)2D3  by 
elevated  serum  calcium  concentration  as  expected,  but  those  fed  low 
dietary  calcium  and  high  dietary  phosphorus  responded  by  a  significant 
depression  of  serum  cnlciun  concentration.  The  results  suggest  that 
dietary  calcium  influences  CaBP  synthesis  via  a  direct  effect  on  the 
intestinal  cell. 

CONCLUSIONS 


Based  on  our  observations,  we  propose  that  l,25(OH)2D3,  the  active 
hormonal  metabolite  of  vitamin  U,  exerts  its  mediated  effects  on  bone 
calcium  uptake  and  bone  calcium  mobilization  via  protein  synthesis. 
However,  at  least  the  initial  calcium  transport  across  the  Intestine 
mediated  by  l,2S(«i)2D3  is  not  dependent  on  protein  syntheeis.  In  fact, 
1,25(011)  2U3  probably  exerts  a  direct  effect  on  the  permeability  of  the 
Intestinal  cell's  membrane  for  calcium.  The  l,25(OH)2D3-dependent 
CaBP  is  not  Involved  in  the  initial  mediated  increase  of  Ca  transport 
across  the  intestinal  cell,  but  is  apparently  somehow  involved  in  the 
regulation  of  accumulation  of  Ca  in  the  intestinal  cell.  Dietary  cal¬ 
cium  influences  the  l,25(OH)2D3-dependent  CaBP  synthesis  probably 
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through  a  direct  effect  on  the  intestinal  cell.  The  extent  of  these 
l,25(OH)  ^-mediated  effects  are  proportional  to  the  dosage  of  the 
»etaholite. 

RECOMMENDATIONS 


i 


I 


Bone  densitometry  and  ultrasound  evaluation  of  Military  inductees 
should  be  perform^!.  Inductees  whose  bone  density  is  in  the  lower  or 
subnormal  range  should  receive  dietary  supplementation  with  calcium 
and  magnesium  as  well  as  specialized  cxerclRe  training  programs  dur¬ 
ing  their  basic  combat  training.  Candidates  should  be  prevented  from 
entering  military  service  if  their  bone  density  vslue  is  subnormsl  on 
the  bssis  that  a  high  probability  exists  that  they  will  be  Included 
in  the  population  of  individuals  medically  retired  due  to  bone  and 
Joint  problems. 
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23.  (U)  Military  personnel  require  highly  responsive  adaptive  mechanisms  for  the 
regulation  of  blood  glucose  and  other  substances  which  are  essential  for  nonul  mental 
and  Muscular  activity.  The  mechanism  of  glucose  utilisation  during  exercise,  trauma, 
and  septic  shock  are  poorly  understood.  Muscle  glucose  utilisation  increases  while 
insulin  secretion  is  dccresslng  and  being  released  fro*  its  suscle  receptors.  It  is 
suggested  that  low  aolecular  weight  peptides  called  sons  toned  In  s  arc  responsible;  for 
the  regulation  of  Muscle  glucose  utilization  during  exercise  and  other  conditions  of 
stress.  SoMatoMedins  Mediate  thw  action  of  pituitary  growth  hormone  and  account  for 
greater  than  93J  of  the  non-suppressible  insulin-like  activity  measured  in  vitro 
systems. 

24.  (L)  The  effect  of  somatomedin  on  gluconeogenesis  in  the  perfused  isolated  rat  liver 
obtained  from  fasted  male  rats  will  be  investigated.  Sanples  of  arterial  and  venous 
blood  will  be  obtained  serially  after  the  injection  of  sonatomcdln,  somatomedin  plus 
glucagon,  somatomedin  plus  insulin,  insulin,  glucagon,  or  buffer.  Blood  will  be 
ncasured  for  total  glucose,  total  alanine,  total  lactate,  *fc-C  glucose,  *4-C  lactate, 
iHC  nl.ir.ine,  and  cyclic  AMF.  The  perfusate  will  contain  alanine.  This  substance 
and  the  ability  of  the  perfused  liver  to  produce  glucose  when  stimulated  with  the 
various  hormones  will  he  measured, 

„3.(L)  77  09  -  78  09(  This  study  has  Just  been  cocpleted.  The  result*  are  awaltlr 
j  trie  completion  of  the  various  analyses. 
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ABSTRACT 


PROJECT  HO.  3M762772A811  Military  Nutrition  and  Koou  hygiene 

WORK  UNIT  NO.  010  The  Metabolic  Reaponse  of  Hepatic 

and  Extra-hepatic  Tissues  to  Dietary 
Substances,  Drugs  and  Hormones  in 
Health  and  Disease 

The  following  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  12  Studies  of  non-insulin  dependent  mechauisms  of 
glucose  utilization  during  exercise  and  trauma 

The  effects  of  somatomedin  on  gluconcogenesis  was  examined  in  the 
isolated  perfused  rat  liver.  Somatomedin  was  infused  into  the  isolated 
rat  liver  at  2  doses  (100  and  1000  uU/tol)  alone  and  in  combination  with 
iusulin  and  glucagon.  Aftertax  and  venous  samples  of  blood  were 
obtained  at  zero  and  2u  min  after  which  the  various  combinations  of 
hormones  were  administered.  The  ability  of  the  perfused  liver  to  form 
^C-glucose  and  ^C-lactate  from  ^C-alanine  was  measured  and  the  effect 
of  the  various  hormone  combinations  was  determined.  Measurements  were 
made  every  5  min  of  radioisotopically  labeled  substances ,  total  glucose, 
total  alanine,  total  lactate,  and  cyclic-AMP.  These  analysis  are 
currently  in  progress. 
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WORK  UNIT  No.  010  The  Metabolic  Response  of  hepatic 

and  Lxtra-Hepatic  Tissues  to  Dietary 
Substances,  Drugs  and  hormones  in 
health  and  Disease 

STUDY  NO.  12  Studies  of  non-insulin  dependent 

mecltanlsms  of  glucose  utilization 
during  exercise  and  trauma 

KRJJDLLM 

i tie  moc nanism  of  glucose  utilization  during  the  stress  of  exercise  and 
following  trauma  is  not  completely  understood.  Muscle  glucose  utilization 
increases  dramatically  in  these  circumstances  while  insulin  secretion  is 
decreasing  and  insulin  is  being  released  from  its  receptors  on  cardiac 
and  skeletal  muscle.  Teleologically  insulin  would  be  detrimental  for 
exercise  since  hypoglycemia  might  result  from  excess  glucose  use  and 
since  insulin  in  small  amounts  will  inhibit  hepatic  gleconcogenesis.  It 
would  be  reasonable  to  predict  and  the  evidence  suggests  that  insulin  is 
not  the  primary  mediator  of  glucose  utilization  during  stress  states  such 
as  exercise,  severe  trauma  and  during  septic  shock. 

All  of  these  circumstances  itave  important  military  ramifications. 

Soldiers  in  training,  maneuvers  or  combat  must  be  capable  of  endurance 
exercise  and  the  possibility  of  trauma  and  infection  are  ever  present. 
Understanding  the  mechanisms  of  glucose  utilization  in  such  stress 
states  may  lead  to  improved  methods  of  treatment  for  trauma  and  methods 
for  increasing  physical  endurance. 

In  vivo  studies  during  toe  19iUs  in  which  cross-perfused  dogs  and  rats 
were  used,  suggested  that  a  humeral  substance,  tliat  clearly  is  not 
insulin,  can  cause  glucose  utilization  during  exercise.  Those  studies 
suggested  that  the  substance  was  a  small  molecular  weight  peptide,  but 
it  was  Incompletely  purified  and  not  identified.  More  recently,  small 
molecular  weight  peptides  (4000-7000  Daltons)  have  been  found  which 
account  for  greater  than  V3X  of  the  insulin-like  activity  in  human  serum 
when  measured  in  in  vitro  systems.  These  peptides  have  been  called 
sematomedins  (Sm)  because  they  appear  to  mediate  the  anabolic  growth 
activity  of  pituitary  growth  hormone  (Ch).  Most  studies  to  date  have 
focused  on  purification,  amino  acid  sequencing,  and  the  clinical  changes 
that  occur  in  acromegaly  or  hypopituitarism.  Although  the  Sm  are  active 
on  the  insulin  receptor  the  effects  of  these  substances  are  tlioughf  to  be 
minimal  in  in  vivo  situations  since  greater  tlian  90*  of  these  peptides 
arc  bound  to  a  carrier  protein  in  blood  and  thus  are  inactive.  When 
perfused  into  heart  muscle  in  a  solution  free  of  carrier  protein,  as 
little  as  0.2  uU/ral  causes  maximal  glucose  utilization.  (The  normal 
amount  in  blood  is  arbitrarily  defined  as  1  unit/ml).  The  somatomedin 


252 


carrier  protein  system  is  unique  in  that  the  Sm  are  the  only  known 
peptide  hormone  with  a  specific  carrier  protein.  An  acid  environment 
is  required  to  separate  the  peptide  from  its  carrier  protein.  It  is  not 
unreasonable  to  postulate  that  during  exercise  local  muscle  acidosis  or 
a  protease  might  cleave  the  peptide  from  its  currier  and  make  it  active. 
The  somatomedins  could  be  considered  to  be  candidates  for  the  humoral 
substance(s)  responsible  for  non-insulin  dependent  glucose  utilization. 

RESULTS.  AND  DISCUSSION  OF  RESULTS 

In  previous  studies  we  demonstrated  a  snail  increase  in  somatomedin 
activity  in  blood  from  exercising  subjects.  The  increase  may  have  been 
small  because  there  was  no  actual  increase  in  total  Sm.  but  rather  an 
Increased  activity  at  the  muscle  site  where  there  could  be  increased 
dissociation  as  postulated  above.  Such  a  mechanism  would  be  pro¬ 
tective  in  that  the  activity  would  persist  only  as  long  as  the  milieu 
of  the  muscle  was  that  which  occurs  during  exercise;  hypoglycemia  after 
exercise  is  prevented.  There  are  other  characteristics  which  the 
hormone  should  possess  if  it  is  to  be  active  during  exercise.  If  Sm 
is  to  be  the  exercise  hormone,  it  should  not  inhibit  gluconeogenesis  as 
insulin  does.  We  have  examined  the  effects  of  Sm  on  gluconeogenesis 
by  perfusing  isolated  rat  livers  from  fasted  100  g  male  rats  with  Sm 
alone  at  2  doses  (100  and  1000  yU/ral)  and  in  combination  with  insulin 
and  glucagon.  For  20  min  the  livers  were  perfused  (4.0  ml /tain)  with 
washed  human  red  cells  suspended  in  Krebs-Ringer  buffer  containing  amino 
acids  in  physiological  concentrations,  42  )k>v ine  serum  albumin  and 
^C-alanine.  Zero  time  arterial  and  venous  samples  were  obtained  at 
20  min  following  which  Sm  (100  yl/mi),  Sm  plus  glucagon  (43  ng/nl),  Sm 
plus  insulin  (luO  yU/ml),  insulin  alone,  glucagon  alone  or  buffer  was 
perfused  for  2.3  min.  Venous  samples  were  collected  at  5  min  intervals 
for  measuresMent  of  total  glucose,  total  alanine,  total  lactate, 
glucose,  ^C-lactace,  ^C-alanine,  and  cAMP  for  a  total  of  4  collections 
or  20  min.  After  this  20  min  period  the  livers  were  perfused  for  another 
2.3  min  with  the  same  combination  of  hormones  except  that  the  Sm  was 
increased  to  1000  uU/ml.  Venous  blood  was  collected  at  3  min  intervals 
for  20  min  for  attasurement  of  the  same  parameters.  Quadruplicate  livers 
were  perfused  with  each  treatment  group.  The  samples  have  been  partially 
analyzed  but  it  is  not  possible  to  draw  conclusions  until  all  the  samples 
are  analyzed  and  statistical  evaluation  has  been  made. 

CONCLUSIONS 

None 

RECOMMEND AT IONS 

This  is  important  work  and  should  be  continued.  With  the  discontinuation 
of  funding  and  the  loss  of  investigative  personnel  it  is  not  possible 
to  continue  this  work. 

PUELICATIONS 

None 
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|2J.<1‘)  Acute  and  chronic  gastrointestinal  (Cl)  diseases  affect  military  personnel.  These 


diseases  cause  long-tor®  norbidity,  loss  of  duty  tine,  and  high  cores  of  continuing  in- 
and  out-patient  care.  In  196b  in  Vietnam  (RVJ.)  ,  diarrheal  diseases  accounted  for  12*  of 
all  hospital  admissions.  In  World  War  II  functional  dyspepsia  and  chronic  idiopathic 
Jlatrhcn  accounted  for  15-201  of  admissions  to' war  sene  hospitals  and  62*  of  these 
patients  were  returned  to  COSVS  for  treatment.  Cl  Injury  fror  combat  wounds  precludes 
enteral  feeding  and  results  in  atrophy  of  the  small  intestine,  panel  •'  s ,  and  liver. 
Atrophy  »ay  be  due  to  absence  of  gastrin  which  results  Iror.  loci,  of  enteral  feeding  of 
t'aumatic  loss  of  gastrin  secreting  tissue.  Castrin  r'placcncr.t  may  reverse  Cl  atrophy 
and  enhance  rehabilitation.  Jaundice  is  not  uncositor.  in  cataloiic  states.  This  so- 
called  constitutional  hyperbilirubinemia,  or  Gilbert's  disease.  is  poorly  understood. 
2*.l'J)  Patients  with  idiopathic  diarrhea  and  subtotal  gasirectomv  wre  tested  for  the 
production  of  gastrin  with  a  test  meal  and  jejunal  mucosa  ebtained  by  peroral  biopsy 
w..s  incubated  in  vitro  to  measure  C-16  leucine  incorporation  into  protein.  Selected 
jejunal  enryme  actlvltieu  were  assayed.  The  effect  of  a  pentagastrir.  lnfusio'..  or.  each 
of  these  parameters  was  determined.  The  effect  of  diet  and  drugs  on  the  serum 
O’.iirubin  of  patient's  with  Gilbert's  disease  was  studied. 

ij.(L')  77  09  -  7fi  09  Patients  with  idiopathic  diarrhea  nas  gastrin  level*  and  C-14 
leucine  incorporation  into  protein  similar  to  that  of  control  subjects.  No  signifi¬ 
cant  changes  were  lound  in  dlsacchar ldases  and  glycolytic  cnavnv  activities  after 
pcr.tucastr  in  infusion.  In  other  patients  there  was  an  inverse  relationship  between 
basal  gastrin  levels  and  the  incorporation  of  C-14  leucine  in  jejunal  mucosal  protein 
after  pentagustrin  infusion.  In  Gilbert's  disease  seme  bilimrin  was  deci  cased  by 
.mall  amounts  of  dietary  fat  or  pharmacological  amounts  of  nicotinic  acid.  This 
••’;r't  unit  is  being  terminated.  254 
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PROJECT  NO. 
WORK  UNIT  NO. 


ABSTRACT 

JM762772A8U  Military  Nutrition  and  Food  Hygiene 

Oil  The  Metabolic  Response  of  the 

Gastrointestinal  Tract  to  Dietary 
Substances,  Drugs  and  Hormones  in 
Health  and  Disease 

The  following  investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO.  6  In  vivo  study  of  the  control  of  small  intestinal 
enzymes  in  man 

STUDY  NO.  10  The  effect  of  diet  and  drugs  on  Gilbert's  disease 

STUDY  NO.  6  The  effect  of  a, pentagastrin  infusion  in  normal  subjects 
and  selected  patients  on  the  ‘  u-ieuc£ne  incorporation  into  protein  in 
Jejunal  enzyme  activities  has  been  studied.  Patients  with  chronic 
idiopathic  diarrhea  had  gastrin  levels  and  i4C-loucine  incorporation 
into  protein  of  jejunal  tissue  similar  to  chat  of  control  subjects. 

There  was  no  significant  change  in  disaccharidasc  and  pyruvate  kinase 
activities,  a  slight  increase  in  fructose-1 ,6-diphosphatase  aldolase, 
variable  changes  in  fructosc-1 -phosphate  aldolase,  and  a  decrease  in 
fructose-1, 6-diphosphatasc  activities.  In  other  patients  there  appeared 
to  be  an  inverse  relationship  between  gastrin  Revels  after  a  test  meal 
and  the  effect  of  a  pentagastrin  infusion  on  **C-leucine  incorporation 
into  jejunal  mucosal  protein,  l^one  patient  with  high  levels  of 
endogenous  gastrin  there  was  no  C-leucinc  incorporation  into  jejunal 
mucosal  protein  while  in  another  patient  with  no  increase  in  serum 
gastrin  aftej^a  test  seal  a  pentagastrin  infusion  resulted  in  a  marked 
increase  in  C-lcucinc  incorporation  into  jejunal  mucosal  pvoteln. 
During  studies  done  on  one  of  the  patients  who  also  had  chr  '..ic 
obstructive  pulmonary  disease  it  was  found  that  intravenous  glucose 
worsened  pulmonary  .function.  Administration  of  equivalent  calorlee 
as  fat  llntralipia  ')  had  no  effect  on  pulmonary  function. 

STUDY  NO.  10  It  has  been  demonstrated  in  jaundiced  Gunn  rats  that 
dietary  lipid  reverses  fasting  hyperbilirubinemia.  Agents,  such  as 
nicotinic  acid,  which  block  lipolysila  have  a  similar  effect.  V)e  have 
studied  5  patients  with  Gilbert's  disease  by  compering  the  rise  in 
bilirubin  during  a  series  of  2-day  ifasts,  intake  of  a  15X  isocaloric 
diet  as  fat,  or  during  administration  of  nicotinic  acid  every  3  to  k 
hours.  The  bilirubin  levels  were  decreased  more  than  50Z  by  fat  or 
uicotinic  acid  as  compared  to  festing  levels.  Free  fatty  acid  levels 
were  lower  during  the  fat  diet  and  ohowed  fluctuating  amplitude  with  a 
wide  range  during  nicotinic  acid  administration. 
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WORK  UNIT  NO.  Oil  The  Metabolic  Responae  of  the 

Gastrointestinal  Tract  to  Dietary 
Substances,  Drugs  and  hormones  in 
Health  and  Disease 

STUDY  NO.  6  In  vivo  study  of  the  control  of 

snail  intestinal  enzymes  in  man 


PROBLEM 

An  Important  aspect  of  acute  gastrointestinal  disease  involves  combat- 
related  abdominal  injury  and  its  sequelae.  Abdominal  injuries  occur 
frequently  in  any  military  operation  and  serious  complications  may 
develop.  In  World  War  II,  in  one  field  hospital,  wounds  of  the  stomach 
comprised  Alb  of  3,154  cases  of  abdominal  Injury.  The  fatality  rate 
was  AOZ.  Approximately  30*  of  the  abdominal  injuries  consisted  of  wounds 
of  the  small  Intestine.  Approximately  20X  of  the  total  number  of 
Injuries  required  partial  resection  of  the  gastrointestinal  tract.  Many 
patients  with  abdominal  Injuries  will  have  altered  gastrointestinal 
function  secondary  to  resection  of  portions  of  the  intestinal  tract. 

With  improved  techniques  of  first  aid,  evacuation,  blood  replacement, 
surgery,  prophylaxis  and  treatment  of  Infection,  we  can  expect  an 
increased  number  of  combat -wounded  soldiers  to  reach  the  post  operative 
period.  At  this  point  only  general  supportive  measures  arc  available 
and  no  specific  therapy  is  knowu  which  can  hasten  healing  and  restore 
function  of  the  gastrointestinal  tract.  Food  intake,  intestinal 
hormones  and  intestinal  adaptation  all  make  considerable  contributions 
to  the  recovery  process  after  intestinal  resection.  Gastrin,  a  poly¬ 
peptide  hormone,  synthesized  in  the  gastric  antrum  regulates  the 
metabolism  and  growth  of  gastrointestinal  tract  cells  In  aulmals. 
Evidence  of  the  trophic  action  in  ituatan  has  been  indirect.  Mucosal 
hyperplasia  has  been  noted  in  f rtients  with  hypcrgastrinemla  in  th« 
Lollinger-Ellison  syndrome  and  mucosal  atrophy  and  abnormal  protein  and 
enzyme  synthesis  after  subtotal  gastric  resection. 

Two  different  laboratories  have  demonstrated  the  importance  of  food 
Intake  in  regulating  small  Intestinal  enzymes.  In  rat,  intravenous 
hyperalimentation  decreased  intestinal  maltase  and  sucrase  activities. 
Tlssoe  gastrin  fell  concomitantly.  The  dlsaccharldases  were  restorod 
to  control  levels  by  pentagastrln  which  suggssts  that  gastrin  may 
control  intestinal  dlascchsridsses  which  returned  to  normal  after  oral 
feeding.  Previous  stud las  in  this  laboratory  have  demonstrated 
increased  activity  of  jejun*l  glycolytic  enzymes  in  response  to  carbo¬ 
hydrate  meals.  Specific  sugars  caused  adaptive  changes  in  the  ensyskta 
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oust  concerned  with  Che  metabolism  of  the  specif lc  substrate  and  the 
changes  were  in  addition  to  a  generalized  increase  in  enzyme  activity 
attributed  to  calories  alone.  Since  food  intake  influences  gastrin  and 
intestinal  enzymes,  and  since  gastrin  has  documented  trophic  effects  in 
the  gut,  it  is  conceivable  that  gastrin  has  a  generalized  effect  on 
protein  synthesis  in  the  gut.  If  the  trophic  effect  of  gastrin  is 
required  for  normal  intestinal  protein  synthesis,  then  gastrin  deficiency 
states,  occurring  as  a  consequence  of  gastric  or  intestinal  resection, 
could  result  in  abnormal  protein  synthesis  and  subsequent  maladaptation 
of  intestinal  enzymes.  There  is  ample  in  vivo  and  in  vitro  support  for 
a  gastrin  trophic  effect.  There  is  also  evidence  to  suggest  tliat  food 
intake  is  important  in  determining  the  level  of  Intestinal  enzymes  and 
the  amount  of  tissue  gastrin.  The  acutely  injured  soldier  who  has  lost 
variable  amounts  of  stomach  and  small  intestine  has  reduced  intestinal 
function  y  virtue  of  the  surgical  resection.  The  enzyme  activities 
in  the  remaining  gut  are  responsive  to  food  intake  and  gastrin,  both  of 
which  have  been  reduced  by  the  surgical  procedure.  It  in  reasonable 
to  believe  tluit  replacement  of  gasfrin  will  restore  intestinal  enzymes 
to  normal  and  Hasten  restoration  of  gastrointestinal  function.  We 
have  studied  the  role  of  gastrin  in  the  control  of  selected  Intestinal 
enzyme  activities  in  selected  patients  with  surgically  altered  gastric 
physiology.  Wo  have  determined  if  any  alteration  of  Intestinal  enzyme 
activity  can  be  reversed  by  the  administration  of  pentagastrln . 

Keluted  studies  on  the  dog  have  been  done  (Work  Unit  043,  Study  No.  1). 

K1.SULTS  AND  DISCUSSION  OK  Rh.Sbt.IS 

14 

We  have  studied  the  effect  of  pentagastrln  on  C-leucine  Incorporation 
into  protein  in  jejunal  tiusuc  incubated  in  vitro  and  toe  effect  of 
pentagastrln  on  selected  jejunal  enzyme  activities  in  4  human  volunteeis 
and  11  patients  with  various  gastrointestinal  disorders  (curonic 
idiopathic  diarrhea,  post  gustroduodenostomy  with  and  without  vagotomy, 
and  post  gastrojejunostomy) . 


For  each  subject,  maximal  gastrin  output  was  determined  after  a  high 
protein  gastrin  test  meal.  Pentagastrln  (0  ng/min/kg)  was  Infused  for 
16  h.  Peroral  proximal  jejunal  biopsies  were  obtained  before  ana 
for  3  days  after  infusion. 


The  chronic  idiopathic  diarrhea  patients  had  gastrin  levels  and  C- 
leucine  incorporation  patterns  similar  to  control  subjects.  There  was 
an  elevation  of  scrum  gastrin  within  13  to  30  min  after  the  gastrin 
test  meal  and  a  10  to  i Vi  stimulation  of  -^C-leucinc  incorporation 
into  protein.  There  was  no  significant  change  in  disaccharidase  and 
pyruvate  kinase  activities,  a  slight  increase  in  fructose-1 , 6-diphos¬ 
phate  aldolase,  variable  results  in  f ructose-l-phosphate  aldolase,  and 


a  decrease  in  fructose-1 ,6-diphospbatase  activities. 
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Iu  one  subject  with  diffuse  gastritis  who  had  no  gastric  sur^ry,  the 
stimulated  gastrin  levels  exceeded  500  pg/ml .  There  was  no  C- 
leucine  incorporation,  a  alight  increase  In  fructose-1 -phosphate 
aldolase  and  maltose  activities,  but  a  decrease  in  ocher  enzyme 
actlvit ies. 

In  £gtients  with  gastroduodenostonics,  there  was  a  significant  increase 
in  C-leucine  incorporation  and  phosphof rur.tokinase  and  fructose- 
1, 6-phosphate  aldolase  activities  but  no  significant  change  in 
disacchar idase  activities. 

In  a  patient  with  gastrojejunostomy  (Dillroth  lx  with  an  80Z  subtotal 
gastrectomy),  there  w^jj  no  increase  in  serum  gastrin  after  a  test  meal, 
a  marked  increase  in  C-leucine  incorporation  and  a  significant 
diminution  of  glycolytic  enzyme  activities  24  h  after  pentagastrin 
infuaion.  There  was  no  cliange  in  dlBaccharidase  activities. 

in  the  latter  patient  a  study  of  the  effects  on  jejunal  enzyme  and 
protein  synthetic  mechanisms  during  hyperalimentation  was  attempted. 
This  aspect  of  gastrin  activity  has  been  extensively  studied  in  vivo 
in  rats.  A  broviac  catheter  was  surgically  places  and  the  patient 
nourished  parenterally  with  the  Let termsn  Army  Medical  Center's  LIVN 
solution*  or  lutralipid*K'^  (Cutter  Laboratories,  Oakland).  In 
addition,  we  were  able  to  evaluate  the  effects  of  intravenous  carbo¬ 
hydrate  and  lipid  on  respiratory  parameters,  because  the  patient 
coincidentally  had  emphysema.  We  observed  during  three  separate 
studies  that  intravenous  glucose  infusion  (240  to  304  gm/day) 
resulted  in  progressive  increases  in  respiratory  excliange  rates, 
minute  CO^  end  ventilation  (Vct)„  and  V^)*  antl  more  importantly, 
decreased  an  arterial  pH  and  markedly  increased  ,  The  studies 
using  glucose  as  the  caloric  source  hod  to  be  terminated  because 
of  impending  patient  deterioration.  Thus,  the  Jejunal  biopsies 
during  these  periods  were  not  obtained. 

When  isocaloric  fat  (816  keal/day  in  750  ml  Intralipid^)  Infusion 
was  begun,  the  respiratory  parameters  did  not  deteriorate  as  with 
carbohydrate. 
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46  mEq  acetate,  8  mKq  MG,  5  *Eq  each  Ca+4  and 
pltosphorus  419  ag  and  0.7  ml  multivitamins. 


g  nitrogen,  40  mEq  Ha,  40  m£q  K  ,  46  mEq  Cl, 

■  Zn+^,  elemental 


Intralipid 


(K) 


54Z  linoleic  acid,  oleic  acid  26X,,  palmitic 


acid  9X,  linolenic  8X. 
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CONCLUSIONS 


Our  preliminary  data  suggest  that  pentagastrin  increases  the  ability  of 
jejunal  epithelial  cells  of  man  to  incorporate  X-leucine  into  protein 
in  vitro,  increases  glycolytic  enzymes  in  certain  patients  but  lias  no 
effect  on  dissachurldase  activity. 

Iu  addition,  from  observations  of  respiratory  parameters  during  hyper¬ 
alimentation,  we  conclude  that  intravenous  carbohydrate  loading  can 
increase  and  decrease  Py^  in  the  face  of  compromised 

pulmonary  function.  The  clinical  significance  of  these  findings  is 
under  investigation.  The  beneficial  effects  of  an  isocaloiic  lipid 
load  may  have  far-reaching  effects  on  the  nutritional  management  of 
patients  with  chronic  obstructive  pulmonary  disease. 

RECOMMENDATIONS 

These  studies  should  be  continued  but  because  of  lack  of  funding  they 
will  be  terminated. 
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STLUY  1J0 .  10  The  effect  of  diet  and  drugs  on 

Gilbert's  disease 

PROBLEM 

The  mechanism  of  fasting  hyperbilirubinemia  in  Gilbert's  disease  is 
unknown.  Studies  in  jaundiced  Gunn  rats  show  that  blocking  lipolysls 
with  nicotinic  acid  during  a  fast  will  inhibit  the  rise  in  serum 
bilirubin.  Dietary  lipid  in  small  quantities  also  inhibits  the  rise 
in  bilirubin  and  free  fatty  acids  seen  in  fasting  Gunn  rats.  There 
appears  to  be  a  relationship  between  lipolysls  and  the  mechanism  of 
fasting  hyperbilirubinemia.  Oral  fat  appears  to  inhibit  lipolysls  by 
some  as  yet  unexplained  mechanism.  Understanding  the  mechanism  of 
control  of  lipolysls  by  dietary  fat  will  enable  us  to  explain  the 
mobilisation  of  energy  during  fasting  or  prolonged  exercise.  Control 
of  total  body  fat  in  obese  and  lean  persons  seems  to  be  an  integral 
part  of  these  metabolic  processes. 


RESULTS  AND  DISCUSSION  OK  RESULTS  J 


f 


To  date  5  patients  have  been  studied.  Each  patient  fasted 
intermittently  for  2-day  periods  with  4  to  5  control  days  between  each 
fast.  Free  fatty  acid  levels  and  bilirubin  (total  and  direct)  were 
measured  4  times/day.  The  sean  of  all  the  morning  values  for  control 
days  was  calculated  for  each  patient  and  was  considered  to  be  1002. 

The  bilirubin  and  free  fatty  acid  levels  during  fasting  were  compared 
to  the  mean  control  values  and  are  expressed  as  percent  above  control. 

After  36  h  of  fasting  the  bilirubin  level  was  210  4  272  (SKM)  and  after 
60  h  it  was  253  +  332.  The  bilirubin  level  with  the  152  isocaloric 
diet  supplied  as  fat  .  109  4  152  after  36  h  and  143  4  152  after 
60  h.  During  administration  of  nicotinic  acid  (50  mg  every  4  h) 
during  fasting  the  bilirubin  level  was  105  4  172  at  36  h  and  125  4  82 
at  60  h.  The  free  fatty  acid  levels  rose  to  194  4  182  of  control 
after  30  h  and  to  230  4  152  after  60  h.  During  the  fast  with  a  small 
quantity  of  lat  the  free  fatty  acid  level  was  121  4  112  of  control 
after  30  h  and  150  4  222  after  60  h.  The  free  fatty  acid  levels 
fluctuated  widely  while  the  patients  were  on  nicotinic  acid  'robably 
due  to  i.ie  rebound  of  free  fatty  acid  levels  seen  about  3  h  after 
lugestion  of  me  drug. 

These  results  suggest  tlial  bilirubin  is  released  into  the  circulation 
during  fast  inf  from  adipose  tisouc  and  causes  hyperbilirubinemia.  The 
release  is  blocked  by  dietary  lipid.  Tills  lipid  specific  effect  may 
participate  in  the  dietary  modulation  of  serum  bilirubin  levels  and  in 
the  synthesis  and  catabolism  of  fat  in  the  human. 

CONCLUSIONS 


We  have  applied  the  results  of  animal  studies  to  man.  Fasting  hyper¬ 
bilirubinemia  is  related  to  llpolysls  and  the  rise  In  serum  bilirubin 
can  be  prevented  if  llpolysls  is  blocked.  We  have  shown  that  dietary 
lipid  during  fasting  partially  blocks  llpolysls. 

RECOMMENDATIONS 
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These  studies  should  be  continued  in  animals  and  humans.  Animals  should 
be  studied  with  the  use  of  double  isotopic  labeling  of  endogenous  fat. 
The  human  studies  would  involve  determining  the  type  of  dietary  fat  that 
is  the  most  effective  in  blocking  llpolysls. 
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23.  vV'  Ar.  assured  supplv  of  primates  Is  essential  for  rent  Inued  research  to  solve 
Ar-iv  medical  pr.blens  Ir.  ir.f-ctl.  us  d.sesse.  new  dtug  dove  leanest ,  and  a  vnrietv  of 
other  areas,  Curtailment  '{  ex,  or:  b-  the  Colombian  source  has  United  the  overseas 
supplv  •>:  owl  nonitovs  t Actus!  require!  for  ong-lng  malaria  research.  l>-'i  nonV.cvs  arc 
noct.rr.nl  primates  ar.d  there  are  fev  ints  or.  their  requirements  in  captivity  or  or.  the 
behavi  r  and  needs  f  their  offspring.  Tills  work  unit  will  develop  information  on  re- 
pr.  .active  hl'l.gv,  nutriti'r..  disease  <entr.l.  ar.d  low -cos  t  husbandr  -  methods  for 
.5 'nestle  production  •' f  teqtiired  owl  aortxevs 

1  ,  c  i  ‘>wi  ex'  nV.  c  v  pat's  will  he  matched  bv  karvotvpe  and  housed  in  a  vatletv  of 
cage  gr  ■  up  arranco“cr.ts .  Rep:  durtlve  potential  ’-ill  be  evaluated  bv  observation  and 
phvslol  glc  veaRurercnts . 

15.  1  *.  t  '?10-TR0°  \t  present  there  are  ilu  an.-rais  In  the  owl  rvnkov  colonv.  Including 

3a  breeding  pairs  -«r.d  15  offspring.  Most  animals  have  been  knrvotvped  and  fecuncitv 
evaluated  in  terms  of  karvotvpe  matching  and  adaptation  to  laboratori  conditions. 

’ f  vr  mg  animals  was  described  in  terras  of  age  .  bodv  veirht,  and  skeletal  aatura- 
:i  r. .  l.ew  techniques  for  pregnancy  diagnosis  and  in  vine  bodv  composition  analysis  were 
devcl  rev..  Seventy  M .  -mlatta  were  accmulated  as  the  nidus  for  the  rhesus  rronkvv  pr->- 
ir  1 1  r.  contract.  A  pilot  in-house  bretdlng  program  has  produced  14  live  births  and 
1  it  rtt  ns.  In  hu«e  breeding  of  this  species  has  been  curtailed  due  to  a  reduction  in 
;e;s  --el  and  lack  of  caging  facilities  for  hivenile  primates.  The  contract  for  pro- 
in':;  -  -f  11.  mulatto  has  not  been  awarded  due  to  a  shortage  of  funds. 
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ABSTRACT 

Military  Research  Animal  Resources 

Studies  to  Assure  a  Supply  of  Non¬ 
human  Primates  for  Research 


The  following  investigations  have  been  conducted  under  this  v~:k  ur.ic: 
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STUDY  NO.  1 


Basie  studies  in  reproduction  of  owl  monkeys 


STUDY  NO.  2 


Development  of  husbandry  methods  for  an  outdoor 
colony  of  macaque  monkevs 


Nonhvtman  primates  are  essential  for  a  number  of  areas  of  military  bio¬ 
medical  research.  Most  notably  they  are  used  in  infectious  disease  to 
establish  pathogenesis  of  infections  and  tests  of  chemotherapeut ic 
agents  and  vaccines.  Thov  are  also  needed  for  research  in  trauma,  re¬ 
suscitation.  performance,  and  toxicology.  All  of  these  studies  are 
designed  to  benefit  military  personnel  who  are  exposed  to  disease  or 
toxic  substances  or  who  suffer  injury  in  performance  of  duty. 


Kbnhuuian  primates  from  foreign  sources  are  becoming  decreasinglv  avail¬ 
able;  f’.stvirc  supplies  depend  upon  development  of  domestic  breeding 
colonies.  Much  needs  to  be  learned  so  thev  can  be  produced  in  large 
numbers  and  as  economically  as  possible. 


This  studv  has  mad,'  a  substantial  contribution  to  the  limited  amount  of 
data  available  about  the  husbandry  of  this  nocturnal  primate. 


* 
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STUDY  NO,  1  At  present  there  are  HO  animals  in  the  owl  monkey  colony. 
Including  IS  breeding  pairs  and  2r>  offspring.  Most  animals  have  been 
karvotvped  and  fecund  I  tv  evaluated  in  terms  of  karyotype  matching  and 
adaptation  to  laboratory  conditions.  drouth  of  young  animals  has  been 
described  in  terms  of  age,  body  weight,  and  skeletal  maturation.  New 
techniques  for  pregnancy  diagnosis  and  in  vivo  body  composition  analy¬ 
sis  have  been  developed. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  001  Studies  to  Assure  a  Supply  of  Non¬ 

human  Primates  in  Research 

STUDY  NO.  1  Basic  studies  in  reproduction  of  j 

owl  monkevs  • 

I 

PROBLEM 

There  is  a  critical  shortage  of  owl  monkevs  (Aotus  sp.)  for  biomedical 
research  because  the  countries  of  origin  have  severelv  limited  exporta¬ 
tion.  In  the  near  future  owl  monkeys  will  be  placed  on  the  list  of 
endanRered  species.  This  will  make  Importation  of  these  animals  impos¬ 
sible  at  any  cost. 

Owl  monkeys  are  the  onlv  nonhuman  primate  in  which  falciparum  malaria 
can  be  maintained.  Consequent  1 v ,  the  Army  is  dependent  upon  these  ani¬ 
mals  for  research  in  prevention  and  _f  malaria. 

The  long-term  solution  to  provide  a  source  of  these  animals  is  a  domestic 
breedinR  proRram.  Little  is  known  about  the  reproductive  bioloRV  or 
behavior  of  owl  monkeys.  Until  recently,  consistent  breeding  and  rear-  ! 

ing  of  these  animals  in  captivity  had  not  been  accomplished.  { 

The  objective  of  this  studv  is  to  determine  the  environmental  and  ' 

husbandry  conditions,  physiological  state,  and  behavior  which  contribute 
to  successful  laboratory  breedinR  and  rearing  of  owl  monkeys.  The  ! 

specific  investigations  in  progress  are  owl  monkev  husbandry,  cytogenetic  s 

analysis,  behavior  patterns,  hematology  blood  chemistry,  virology,  j 

pathology,  growth,  pregnancy  diagnosis,  nutrition,  and  urine  analysis.  j 

! 

RESULTS  AND  DISCUSSION  OF  RESULTS  j 

Since  the  arrival  of  the  first  group  of  ow!  monkeys  in  May  1975,  the 

breeding  program  has  produced  32  live  progeny .  At  the  present  time,  the  ! 

colony  contains  110  animals,  including  25  offspring  and  85  adults,  of  l 

which  76  arc  paired  for  breeding  and  9  are  single  males.  The  oldest 

I.AIR-born  animal  is  2.8  years,  too  young  for  entry  into  the  breeding 

program . 

During  the  past  year,  certain  modifications  in  colony  management  were 
instituted.  Canned  commercial  monkey  food  was  eliminated  from  the  diet 
because  it  was  not  readily  consumed,  was  expensive,  and  did  not  appear 
critical  to  optimal  nutrition.  Also,  the  use  of  instant  breakfast  drink 
to  soak  dry  commercial  monkey  bisquets  was  discontinued  because  of  its 
expense  and  lack  of  Impact  on  acceptability.  Subsequent  to  behavioral 
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analyses  co  assure  that  established  characteristics  would  not  be  ad- 
versely  affected,  the  light  cycle  was  increased  to  13  hours,  21Q0  to 
1000  hours  daily,  and  the  dark  cycle  was  correspondingly  reduced;  the 
30-minute  transition  between  cycles  was  continued.  This  change  allowed 
better  husbandry  by  a  reduced  technical  staff.  At  present  access  to  the 
colony  is  restricted  to  the  principal  investigator  and  two  specific 
veterinary  technicians.  Such  restriction  was  imposed  to  reduce  environ¬ 
mental  variables  and  so  enhance  colony  productivity. 

All  animals  imported  from  Bolivia  and  Panama  and  some  LAIR-born  off¬ 
spring  were  karyotyped  in  FY  78.  Results  from  other  LAIR-born  animals 
have  yet  to  be  received.  The  cytogenetic  analysis  was  performed  by 
I)r.  T.C.  Jones  of  Pathobiology ,  Inc.,  Marlboro,  MA.  Six  karyotypes 
were  Identified. 

Since  l  October  1977,  11  monkeys  have  died,  including  6  adults  and  5 
I-AlR-born  young  animals.  All  were  necropsied  and  tissues  were  evaluated 
by  light  microscopy.  In  some  cases,  scanning  and  transmission  electron 
microscopy  were  also  used.  Causes  of  death  have  been  variable  and  un¬ 
related.  In  young  animals  death  could  be  associated  with  septicemia  at 
or  near  parturition,  stress  of  weaning,  or  behavioral  factors,  especially 
parental  rejection  and  abuse.  In  adult  monkeys,  death  could  be  associ¬ 
ated  with  non-specific  clinical  signs  of  central  nervous  system  (CNS) 
deterioration  in  2  animals,  reaction  to  ketamine  in  1  animal,  and 
severe  renal  disease  in  2  animals.  Anemia  of  unknown  cause  has  been  ob¬ 
served  in  some  animals  but  has  resolved  spontaneously  following  sympto¬ 
matic  treatment  and  intensive  nursing  care. 

On  the  basis  of  karvotvpc,  the  38  breeding  pairs  in  the  colony  can  be 
d tv  Hod  into  four  breeding  groups.  Breeding  by  karyotype  seemed  neces¬ 
sary  to  examine  those  factors  which  seem  critical  to  fecundity.  The 
majority  of  the  progeny  have  been  produced  from  group  I  (karyotype  pairs 
ill  x  II,  II  x  II,  III  x  III,  and  IV  x  III)  which  are  of  Colombian 
origin,  have  been  at  LAIR  for  three  years,  and  were  acclimated  to  labora¬ 
tory  environment  prior  to  arrival.  The  production  rate  for  II  x  II 
karvotype  pairs  is  almost  twice  that  of  III  x  III  pairs.  The  frequency 
of  .abortions  is  about  the  same  between  the  two  groups,  and  only  four 
pairs  account  for  all  abortions  in  group  I.  Group  II  is  composed  of 
pairs  of  different  origin  and  karyotype  (VI  x  VI ,  IX  x  IX,  III  x  IV, 
and  II  x  VIII).  Production  did  occur  in  two  pairs  received  from  other 
laboratories  (IX  x  IX,  III  x  IX).  All  animals  of  Bolivian  origin, 
gro-  .  Ill  (VI  x  VI)  have  failed  to  produce  progeny  or  demonstrate  posi¬ 
tive  pregnanev  tests.  Most  of  these  animals  were  wild-caught •  therefore, 
failure  in  production  mav  be  the  result  of  slow  acclimation  to  a  labora¬ 
tory  environment.  However,  establishment  of  a  production  colony  requires 
that  the  progeny  also  mate  successfully.  We  estimate  that  these  animals 
must  be  at  least  3  years  old  before  they  reach  sexual  maturity. 

After  n  behavioral  taxonomy  for  owl  monkeys  was  established,  the  activ¬ 
ity  distribution  pattern  was  consisted .  It  was  demonstrated  that 
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activity  for  adults  of  either  sex,  different  sources,  or  juveniles  was 
about  the  same  pattern  but  varied  with  intensity.  All  animals  came  out 
of  their  nest  boxes  when  lights  were  off  and  spent  most  of  their  time 
outside  the  box  until  the  liRhts  went  on  11  hours  later.  Activity 
curves  have  been  prepared  for  18  behavioral  categories  for  all  observed 
groups,  including  all  uniraals,  all  adults,  all  juveniles,  male  or  fe¬ 
male  animals,  adults  from  Bolivia,  and  adults  from  Colombia.  Signifi¬ 
cant  differences  were  observed  between  animals  of  Bolivian  and  Colombian 
origin.  Those  from  Bolivia  were  more  active,  showing  more  locomotor  and 
paly  behavior.  As  would  be  expected,  juvenile  animals  were  more  active 
than  adults. 

All  animals  showed  three  peaks  in  feeding  behavior.  The  first  just  after 
the  morning  (after  the  light  change  to  darkness)  feeding,  the  second  at 
the  afternoon  feeding,  and  a  third  smaller  peak  about  two  hours  before 
the  light  change  to  daylight.  This  behavior  was  not  altered  by  changes 
in  feeding  schedules  such  as  three  small  meals  per  day  or  one  large 
meal  per  day.  Twice-a-day  feeding,  however,  seems  to  provide  better  nu¬ 
trition.  The  feeding  activity  pattern  in  the  colony,  therefore,  seems 
to  correspond  to  that  reported  for  owl  monkeys  in  the  wild. 

Continued  collection  of  blood  samples  for  hematology  and  serum  chemistry 
gave  results  that  did  not  change  significantly  from  those  reported  last 
year.  This  confirms  that  the  values  previously  reported  are  probably 
characteristic  for  our  colonv. 

Swab  samples  from  two  sites,  the  oropharynx  and  rectum,  and  serum 
samples  were  taken  for  isolation  and  identification  of  viruses  commonly 
carried  by  animals  in  this  colony.  This  work  was  accomplished  and  re¬ 
ported  under  Project  No.  3M762772A81 2 ,  Work  Unit  004,  Study  No,  3. 

A  project  to  determine  owl  monkey  growth  and  skeletal  maturation  was 
undertaken  and  mostly  completed  physical  growth  was  studied  radio¬ 
graphically  and  by  measuring  body  weights  in  25  laboratory-born  owl 
monkeys  of  known  origin.  All  ossification  centers  were  radiograph i'-ally 
visible  at  approximately  300  days,  Epiphvseal  fusion  began  around 
400  days  of  age  and  appeared  completed  bv  900  days.  In  some  instances, 
adult  weight  was  obtained  as  earlv  as  500  days  of  age,  but  skeletal 
maturation  was  still  continuing.  Thcrefore,  body  weight  was  not  con¬ 
sidered  to  be  an  accurate  indicator  of  chronological  age  during  the 
skeletal  maturation  period.  It  was  determined  that  chronological  age 
of  owl  monkeys  could  be  best  estimated  by  evaluation  of  the  presence 
of  ossification  centers  and  the  number  and  location  of  fused  epiphyses. 

An  immunological  pregnancy  diagnosis  technique,  by  using  urine,  has 
proven  effective.  Since  the  inception  of  the  use  of  this  technique  in 
November  1977,  no  false  negative  results  have  been  detected,  no  monkeys 
have  had  a  negative  result  before  parturition  or  abortion.  However, 
some  animals  have  converted  from  negative  to  positive  to  negative  again. 
This  is  troublesome  but  can  be  reasonably  explained  by  fetal  resorbtion. 
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undetected  abortion,  or  variation  in  interpretation  of  t€8t  *e*“*5** 

Early  detection  of  pregnancy  allows  for  changes  in  management  techniques 
to  minimize  stress  to  pregnant  animals,  thus  abortions  resu  g 
stress  are  decreased  . 

New  techniques  have  been  developed  to  measure  body  composition  in  owl 
monkevs.  A  pilot  study  was  completed  successfully  and  more  data  col.ec 
tion  in  the  future  is  anticipated.  Techniques  for  safe  consistent  col¬ 
lection  of  semen  from  male  owl  monkeys  are  also  being 

Successful  completion  will  allow  for  combined  studies  of  male  fertility. 

As  of  June  1978.  the  number  of  technical  personnel  assigned  to  owl  mon¬ 
te  v  pro  ect  was  reduced  from  3  to  2  technicians.  With  only  two  tech¬ 
nicians  to  assist  in  conducting  research  and  taking  care  of  daily  colony 

maintenance,  it  is  impossible  to  both  maintain  the  *vide  ?!day- 

a  satisfactory  manner  and  perform  research.  In  order  to  p  y 

a -week  care,  it  is  necessary  that  of  every  a-day  week,  there 
only  three  day,  »hcn  both  technicians  are  present.  Thl,  d£s  “l  e 
allowances,  furthermore,  for  absences  because  of  Illness, 
social  duties,  or  leave.  One  nwan  day  is  renuired  to  provide  min  mum 
d«ilv  care  to  the  colonv.  Therefore,  when  the  second  technician  is 
available,  most  of  his/her  time  must  be-  employed  in  performing  more  de¬ 
tailed  maintenance  procedures  including  collection  o,  urine  for  preg¬ 
nancy  *ests ,  monitoring  animal  health,  treatment  of  sick  animals,  and 
record  keeping.  These  procedures  are  needed  Just  "V - 
colonv.  Obviously,  with  only  two  technicians  nvailab  c,  it  is  diffi¬ 
cult  to  accomplish  the  minimum,  let  alone  any  research. 

CONCLUSIONS 

1.  Wild-caught  owl  monkeys,  particularly  those  of  Coiombi an  origin, 
can  be  maintained  and  mated  effectively  in  a  controlled  environment. 

2.  Alterations  in  the  environment  adversely  affect  good  health  and 
reprodv  tion. 

3.  Husbandry  conditions  in  our  colonv  are  appropriate  and  efficient  In 
terms  of  fecundity. 

4.  Behavior  oust  he  aonltored  continuously  and  dal1)-,  particularly  at 

and  ne-p.tr  formatter.  to  assure  viability  and  -saturation  of 

offspring. 

5.  Growth  and  skeletal  development  for  owl  monkeys  in  an  artificial 
environment  has  been  described. 

RECOMMENDATIONS 

The  provisions  ol  the  protocol  should  b,  completed  to  includ.  Mtobtish- 
oent  of  nutrient  requirements.  Identification  of  heastologlc  end 


biochemical  react ions  to  specific  stresses,  and  delineation  of  behav¬ 
ioral  and  physiologic  requirements  for  reproduction  of  wild-caught  and 
laboratory-born  monkeys. 
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raonkevs  (Aotus  sp.) .  In*  Abstracts  for  the  1978  Meeting  of  the 
Federation  of  American  Societies  for  Experimental  Biology  (Atlantic 
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STUDY  NO.  5  Development  of  husbandry  methods 

for  an  outdoor  colony  of  macaque 
monkeys 

PROBLEM 

1  (ore  is  a  critical  shortage  of  rhesus  monkeys  (Wacaca  mulatta)  for 
research  because  the  countries  of  origin  have  restricted  exports.  The 
rhesus  monkey  Is  used  by  the  ,fS  array  for  many  areas  of  research.  The 
cvnomolgus  monkey  (Macaca  fasicularis)  is  a  possible  replacement  for 
the  rhesus  monkey,  or  at  least  for  some  studies.  However,  the  degree 
of  Interchange.1  ilifcv  of  the  two  species  i*>  not  known.  The  cynomolg-is 
monkev  fa.es  the  same  problems  (i.e.,  about  restrictions  on  export*; 
that  have  resulted  in  scarcity  of  rhesus  monkeys.  The  Army  must 
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provide  for  its  own  future  needs  for  these  species  and  must  do  so  in 
the  most  expeditious  and  inexpensive  fashion  possible.  There  is  also 
the  real  danger  that  no  breeding  stock  will  be  available  after  the  next 
2  to  3  years , 

Tile  best  solution  is  to  establish  domestic  breeding  colonies  of  these 
species.  In  order  to  do  so,  inexpensive,  efficient,  and  scientifically 
sound  methods  of  husbandry,  medical  management,  and  facility  design 
munt  be  developed.  In  the  case  of  the  rhesus  monkey,  considerable  in¬ 
formation  is  available,  but  little  is  known  about  the  specifics  of 
out -door  breeding  colony  operations.  The  cynomolgus  monkey  has  seen 
only  limited  use  in  this  country  as  an  experimental  animal .  Little  is 
known  of  its  reproductive  biology  or  climatic  adaptability. 


I 

t 


The  object  of  this  study  is  to  develop  inexpensive  techniques  of  out¬ 
door  colony  management,  husbandry  methods,  disease  control  and  eradi¬ 
cation,  breeder  selection,  and  rearing  of  offspring.  For  the  cvnomoi- 
gus  monkey,  ovulatory  cvcles,  hormonal  cycles,  and  social  factors 
beneficial  to  reproduction  must  be  discovered. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  majority  of  the  rhesus  and  cwoa'litus  monkeys  in  the  colonv  are 
approaching  sexual  maturity.  Clinical  laboratory  examinations  have 
been  restricted  to  the  minimum  necessary  to  protect  the  health  of  the 
colony.  Some  cage  breeding  has  been  accomplished  as  a  check  for  breed¬ 
ing  maturity  and  the  ability  of  males  to  copulate.  To  date,  14  live 
births  and  three  abortions  have  resulted.  An  additional  three  females 
are  currently  pregnant.  Currently  the  cage  breeding  of  the  macaques, 
both  rhesus  and  cynomolgus,  has  been  curtailed  due  to  lack  of  housing 
and  shortage  of  animal  care  personnel.  The  land  reserved  at  Camp 
Parks,  California,  for  the  outdoor  colony  has  not  been  developed,  nor 
has  the  request  for  proposal  (RF?)  to  obtain  extramural  research  i 
outdoor  production  of  macaques  been  advertised. 


CONCLUSIONS 

Import  limitations  of  non-human  primates  and  the  increasing  ~ost  of 
laboratory-raised  and  laboratory-conditioned  animals  will  reduce  the 
use  of  these  animals  to  a  minimum.  Armv  requirements  for  non-human 
primates  is  not  expected  to  decrease.  Thus,  non-human  primates  will 
continue  to  be  needed  for  current  malaria  research  programs  and  several 
other  experimental  programs  considered  to  be  of  critical  need. 

Studies  to  determine  the  husbandry  methods  and  practices  and  the  physio¬ 
logic  characters  conducive  to  a  successful  outdoor  breeding  colony  of 
tf.  mulatto  monkeys  have  been  severely  restricted  by  a  lack  of  funds  to 
acquire  adequate  facilities  and  by  a  reduction  of  the  professional  snd 
technical  staff  at  LAIR.  Because  of  the  lead  time  required  to  establish 
a  successful  colony  of  nen-human  primates,  each  year  lost  postpones  the 
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day  when  MRDC  might  be  self-auf ficient  in  the  supply  of  these  animals 
for  research  purposes. 

RECmf  iENDATIONS 

Establishment  by  contract  of  ar.  outdoor  breeding  colony  of  rhesus  and 
cynomolgus  monkeys  has  not  been  initiated  due  to  shortage  of  funds. 
Reduction  in  professional  staff  and  animal  care  personnel  at  LAIR  will 
severely  restrict  attempts  to  identify  and  define  physiological  param¬ 
eters  that  would  lead  to  a  successful  breeding  program.  It  is  recom¬ 
mended,  therefore,  that  this  studv  be  discontinued. 

PUBLICATIONS 

None 
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(U)  AninAl  Modti;  (U)  PhynioJogy;  (U)  Anlaal  (U)  Laboratory  Animal 

? 3  r^r«rm srvtsair.-  nr 

are  uaed .  Anlaal*  have  threefold  importance  a*  resources  In  medical  recaarch.  (1)  New 
knowledge  of  physiologic  process**  In  soldiers  can'be  derived  through  study  of  similar 
processes  In  the  anlaal  by  using  methods  not  feasible  In  man.  It  Is  lspnratlv#  that  the 

animals  be  in  normal  health  and  also  that  the  correct  animal  specie*  be  used  because  In- 

cerspeclet  variations  occur.  (2)  Many  diseases  of  animals  may  be  studied  as  models  to 
enhance  prevention,  detection,  and  treatment  of  counterpart  diseases  ‘^ulred  by  sol¬ 
diers.  (3)  The  animal*  are  a  suijor  econosdc  resource,  so  thsre  Is  constant  need  for  Im¬ 
proved  husbandry  methods.  Thtse  studies  will  contribute  to  improved  anisml  care  and  to 

Identification,  development,  and  use  of  anlsml  model*  to  lnve«tlg»te  normal  and  abnormal 

health  procaaaes  In  soldiers. 

24.  (V)  Animal  diseases  which  slso  occur  in  soldiart,  such  as  dermatitis,  will  be  char¬ 
acterised  by  modern  laboratory  methods  to  determine  their  appropriateness  as  modal  sys¬ 
tems  for  the  human  condition.  Costly  laboratory  animal  diseases,  e.g,,  respiratory 
diseases  In  cats,  will  be  studied  for  eventual  eradication.  Normal  processes,  e.g., 
utilisation  of  vitastln  C,  will  be  studied  so  as  to  ia$rova  animal  care  as  well  as  for 
possible  extrapolation  to  the  soldier. 

25.  (U)  7710-7809  Viral  isolates  from  52  cats,  168  rhesua  and  131  owl  monkeys  ware 

Identified.  Attempts  were  made  to  correlate  viral  isolation  with  the  presence  of  entl- 

Sodv  titer  In  cats  and  rhesus  monheya  and  with  karyotype  and  country  of  origin  with  owl 

tonkevs.  Knowledge  of  the  epidemiology  of  viral  Infection  within  the  animal  colonies 

tcrrlts  r^asures  to  ba  taken  to  minimise  loss  from  disease  and  compromiaa  of  experl- 

per.tal  'esults.  Acld-baae  and  blood  gas  characteristics  of  proclne  blood  were  found  to 

lie  sufficiently  close  to  those  of  human  blood  to  serve  as  a  usaful  modal.  This,  study 

r.-l  11  be  terminated  due  to  reorganisation  of  LAIR, 
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ABSTRACT 

PROJECT  NO,  3M762772A812  Military  Research  Animal  Resources 

WORK  UNIT  NO.  002  Development  of  Military  Reserrch 

Animal  Resour c. 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  3  Infectious  disease  surveillance  of  laboratory 
animals 

STUDY  NO.  5  Physiological  and  biochemical  character istics 
of  domestic  swine  used  in  military  research 

STUDY  NO,  3  The  owl  monkey  colonies,  rhesus  monkeys,  and  a  group  of 
newly  purchased  cats  were  studied  to  determine  the  viral  infection(s) 
present  in  LAIR's  laboratory  animals.  The  study  revealed  that  owl 
monkeys  are  frequently  infected  with  three  different  serologic  types  of 
adenovirus  and  eight  serotypes  of  cytomegalovirus.  In  some  individual 
owl  monkeys  both  viruses  persisted  for  many  months.  Of  168  rhesus 
monkeys,  seven  serotypes  of  adenovirus,  Herpesvirus  simias,  and  simian 
foamy  virus  were  identified.  From  a  group  of  52  newly  purchased  cats, 
237  oropharyngeal  swabs  were  collected.  Feline  herpesvirus,  feline 
callclvirus,  and  feline  syncytial-forming  virus  were  isolated  from  26, 
49,  and  95  swab  samples,  respectively. 

STUDY  NO.  5  Acid-base  and  blood  gas  characteristics  of  porcine  blood 
were  found  to  he  sufficiently  close  to  those  of  human  blood  to  serve  as 
a  useful  model . 
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WORK  UNIT  NO.  002  Development  of  Military  Research 

Animal  Resources 

STUDY  NO.  1  Infectious  disease  surveillance  of 

laboratory  animals 

PROBLEM 

Laboratory  animals  represent  a  ma jor  economic  resource  in  the  US  Army 
medical  research  effort.  Outbreaks  of  infectious  disease  in  an  animal 
colony  are  economically  wasteful  and  can  be  devestating  to  on-going 
research.  Monitoring  for  the  presence  of  infectious  agents  through 
'•linlcal  histories,  laboratory  tests,  ittmunologic  surveys,  studies  of 
gross  pathology  and  hlstopathology ,  and  microbiological  studies  is  an 
effective  method  for  the  early  recognition,  diagnosis,  and  control  of 
infectious  diseases. 

The  objectives  of  this  study  are  (1)  to  investigate  the  prcvalance, 
cause,  control,  and  elimination  of  infectious  diseases  among  laboratory 
animals  at  I.AIR,  (2)  to  identify  and  characterize  animal  models  of 
human  disease  from  instances  of  spontaneous  disease  occurrence  in  the 
colony,  (1)  to  identify  and  eliminate  animals  carrying  dangerous 
zoonotic  diseases. 

RESULTS  AND  DISCUSSION  OK  RESULTS 

Owl  Morkevs .  Three  serot vpe.i  of  adenovirus  and  eight  serotypes  of 
cytomegalovirus  were  Isolated  from  owl  monkevs. 

Adenovirus.  Krom  a  rolonv  of  111  owl  monkeys,  adenovirus  was  isolated 
68  times  from  4)3  oropharyngeal  and  rectal  swab  sample  pairs  collected 
over  a  3-year  period.  Slxtv-throc  of  68  adenovirus  isolates  were 
grouped  by  neutralization  into  1  to  3  tvpcs  designated  owl  monkey  adeno¬ 
virus  types  I,  II,  and  III.  The  OMAV  Ty  I  and  Ty  II  were  identified  by 
neutralization  with  antisenns  to  squirrel  monkey  adenovirus  type  I  and 
adenovirus  SV  11,  respectively.  The  0MAV  Ty  III  was  partially  neutral¬ 
ized  by  antiserum  to  OMAV  Ty  ll. 

The  OMAV  Ty  1  was  isolated  from  8  of  30  nevlv  imported  owl  monkeys 
(group  IV)  within  3  weeks  of  arrival.  Thirteen  of  26  had  four-fold  or 
greater  rise  in  serum  neutralization  (SN)  titer  with  25  of  27  develop¬ 
ing  SN  titers  of  •*  1:80,  Forty  of  87  other  owl  monkeys  in  the  colony 
had  SN  titers  of  >  1:5. 
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The  OHsW  Ty  II  was  isolated  from  51  to  433  (1  21)  swab  sample  pairs. 

Virus  was  isolated  from  26  owl  monkeys  with  11  having  persistent  infec¬ 
tions.  Viral  isolations  spanned  a  10-  to  17-month  period  for  5  of  these 
owl  monkevs.  In  1 1 4  owl  taonkevs,  101  (861)  had  SN  titers  to  OMVA  Tv  II 
-  1-20. 

The  OMAV  Tv  III  was  isolated  from  1  owl  monkevs.  Ninetv- three  of  114 
(821)  owl  monkevs  had  SN  titers  to  0MAV  Tv  111  of  1-20.  Although  the 
distribution  of  SN  titers  was  similar  'or  OMAV  Tv  11  and  Tv  III,  42  of 
114  (171)  owl  monkevs  had  civht-fold  or  greater  differences  in  SN  titers 
between  OMAV  Tv  II  and  Tv  111. 

Cvtoraegalovlrus  .  Cel  1 -assoc iated  herpesvirus  or  cytomegalovirus  was 
isolated  from  74  to  131  owl  monkevs.  In  24  infected  monkeys  the  infec¬ 
tion  persisted  for  over  12  months;  18  others  shed  virus  for  over  6 
months.  Eight  distinct  scrotvpes  of  virus  have  been  identified  as 
foil ows  ; 


Serotype  No.  of  Isolates 


A  12 

B  15 

C  57 

D  6 

E  1 

C  67 

I  4 

K  5 

C  *  r.  8 


Identification  of  37  other  isolates  was  not  possible  because  of  the 
lack  of  specific  ant !  r.cra  . 

Among  owl  monkevs  at  LA!P  there  are  6  different  karvotvpes  • 


Karyotype 

Origin 

Serotype  of  Virus  Isolated 

II 

Colombia 

B.  c,  r. 

III 

Co 1 omb I  a 

B,  c,  r. 

IV 

Colombia 

B.  C,  r.. 

VI 

Bol ivla 

A.C.D.E,  and  I 

VIII 

Panama 

K 

IX 

Panama 

K 

Except  for  2  isolates  of  serotvpe  C  from  2  ow!  nonkoys  of  karyotype  VI, 
a  given  serotype  was  onlv  isolated  from  owl  nonkoys  of  the  same  country 
of  origin,  fifteen  LAIR-born  owl  monkeys  were  also  found  to  be  in¬ 
fected  with  cvtomeRnl ovirus .  These  animals  arc  oi  karyotype  II,  III, 
and  IV,  and  thev  were  infected  with  the  same  serotypes  (B,  C,  and  G) 
as  their  parents. 
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Rhesus  and  Cynomolgus  monkeys  .  At  the  beginning  of  FY  78,  the  colony 
of  Old  World  monkeys  consisted  of  134  rhesus  and  20  cynomolgus  monkeys 
(group  1).  In  addition,  24  rhesus  monkevs  arrived  on  27  September  1977 
(gmup  2)  and  were  held  in  quarantine  for  8  weeks.  From  group  1,  177 
pairs  of  oropharyngeal  and  rectal  swab  samples  were  collected  and  tested. 
Hie  following  viruses  were  isolated  and  identified:  adenovirus  SV  20 
(9  isolates),  SV  23  (1),  SV  33  (1),  and  SA  7  (1);  entervirus  SV  16  (1), 
and  SV  26  (2);  Herpesvirus  sinlac  (1),  and  simian  foamy  virus  (101). 

From  group  2,  swab  sample  pairs  were  collected  at  1,  10,  and  45  days 
after  arrival.  The  following  viruses  were  isolated  and  identified: 
adenovirus  SV  20  (18),  SV  23  (2),  and  SV  34  (2);  nnd  simian  foamy 
virus  (49)  . 

Serum  from  monkeys  of  groups  1  and  2  was  tested  for  pereipltatlng  (PPT) 
antibody  to  SFV  by  using  the  microimmunodiffusion  tests.  Antigens 
were  prepared  in  vivo  cell  cultures  to  SFV  isolates  No.  7-387  (type  2) 
and  7-411  (type  1).  From  group  1,  133  of  154  (87%)  were  positive. 

The  SFV  was  isolated  from  93  of  133  (70%)  of  the  PPT  antibody-positive 
monkevs.  From  group  2,  21  of  24  (87.5%)  monkeys  had  PPT  antibody. 

In  group  2,  SFV  was  only  isolated  from  PPT  antibody-positive  monkeys. 

It  was  isolntod  from  15  monkeys  on  day  1,  from  19  on  day  10,  and  from 
15  on  day  45,  Accumulatively,  SFV  was  isolated  from  20  of  21  PPT 
antibody -positive  monkevs . 

Domestic,  cets.  On  1  November  1977  ,  45  cats  (Nos.  76-120}  arrived  at 
LAIR,'  and  on  *15  November  1977,  7  additional  cats  arrived  (Nos.  121-127). 
All  cats  were  inoculated  with  feline  panleukopenia  and  rabies  vaccines 
upon  arrival.  In  addition,  cats  Nos.  121-127  were  inoculated  with  a 
combined  "modi f icd-live"  feline  herpesvirus  (FHV)-feline  calcivlrus 
(FCV)  vaccine,  Oropharvngenl  swabs  were  collected  for  viral  isolation 
and  st:’un  for  serology.  From  the  52  cats,  237  oropharyngeal  swab 
specimens  were  tested  for  virus.  FHV  was  isolated  35  times  from  26 
cats.  FeV  as  isolated  49  tines  from  19  cats.  Feline  cyncyt in-forming 
virus  (FcS.  ,  changes  were  seen  in  cell  cultures  inoculated  with 
95  swab  specimens  from  34  cats.  Based  on  multiple  isolations  of  reSFV 
from  each  cat  nnd  a  positive  immunodiffusion  test,  23  cats  are  infected 
with  FeSFV.  Other  cats  may  also  be  infected  with  FeSFV, 


It  wan  difficult  to  make  useful  conclusions  from  the  virus  neutraliza¬ 
tion  tltiors.  FHV  was  isolated  f rom  several  cats  without  an  expected 
rise  in  antibodv  titer  and,  eonvcrsclv,  FHV  was  not  isolated  from 
other  cats  that  had  a  rise  in  titer.  However,  swabs  were  not  col¬ 
lected  between  10  and  29  davs  in  aanv  of  these  cats.  FHV  Infections 
could  have  occurred  during  this  period  and  not  have  been  detected. 

The  presence  of  high  antibodv  titers  to  FCV  in  the  first  serum  samples 
did  not  preclude  persistent  shedding  of  FCV  in  several  cats. 
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CONCLUSIONS 


Owl  Monkey 

1  .  Ovl  monkeys  are  frequently  Infected  with  three  serotypes  of  adeno¬ 
virus  and  eight  serotypes  of  cytomegalovirus. 

2.  Viral  infections  may  persist  for  long  periods  of  time  (e.g., 

12  months  or  longer). 

3.  The  serotype  of  virus  isolated  was  usually  dependent  on  karyotype 
of  the  monkey  and  its  country  of  origin.  This  may  be  due  all  or  in 
part  to  management  practices,  isolation  procedures,  or  host  suscepti¬ 
bility. 

Rhesus  Monkey 

1  .  Rhesus  monkeys  are  frequently  Infected  with  many  different  serotypes 
of  adenovirus,  Herpesvi rus  simiae ,  and  simian  foamy  virus. 


2.  Monkeys  frequently  have  either  percipitating  antibody  titers,  neu¬ 
tralizing  antibody  titers,  or  both  types  of  antibody  to  simian  foamy 
vi rus . 

Cats 

1.  Cats  obtained  for  coramcrical  sources  are  frequently  infected  with 
feline  herpesvirus  (FHV),  feline  calicivirus  (FCV) ,  and  feline  syncytial- 
forming  virus  (FcSFV) . 

2.  One  commercial  vaccine  was  not  effective  in  eliminating  FHV  or  FCV 
from  the  small  number  of  cats  studied. 


3.  Some  cats  shed  virus  persistently  despite  high  titers  of  antibody. 
Rr.COHHF.NOAT  IONS 


% 


y. 


Although  surveillance  should  continue,  this  study  is  being  terminated 
because  of  the  departure  of  the  principal  Investigator  and  reorganiza¬ 
tion  of  LAIR. 
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STUDY  NO.  5  Physiological  and  biochemical 

characteristics  of  domestic  swine 
used  in  military  research 


PROBLEM 

Mongrel  dogs  have  served  as  the  predominant  large  animal  species  for 
medical  research.  Such  usage  is  attributable  to  tradition  and  the 
ready  availability  of  dogs  at  local  pounds  and  animal  shelters.  In 
recent  years,  however,  the  use  of  dogs  in  medical  research  has  come 
under  increasing  criticism  from  ant ivivisectionists  in  the  general 
populace  and  from  the  scientific  professions.  Criticisms  by  antivivi- 
sectionists  is  mostly  based  on  ethical  or  emotional  grounds:  the  pre¬ 
dominant  theme  is  the  unnecessary  suffering  or  mutilation  •'f  pets  in 
research  projects  of  dubious  merit.  Criticism  by  sc/'..u>.ta  falls 
into  two  categories.  One  criticism  concerns  uncertain.'*.  ;  about  the 
age,  the  genetic,  nutritional,  and  environmental  background,  and  the 
disease  characteristics  of  mongrel  animals  acquired  from  dealers;  the 
other  criticism  concerns  the  applicability  to  humans  of  data  acquired 
in  experiments  on  dogs  because,  in  many  instances,  canine  response 
character istics  are  vastly  different  from  those  observed  in  man. 


The  domestic  pig  offers  an  attractive  alternative  to  the  dog  as  a  large 
animal  model  for  human-oriented  research.  Its  use  has  not  elicited  an 
emotional  response  from  antiviviscctionists,  probably  because  swine  are 
commonly  slaughtered  for  meat  and  arc  not  kept  as  life-long  pets. 
Domestic  pigs  arc  veadtly  available  in  all  parts  of  the  country.  They 
are  usually  healthy  and  free  of  disease.  They  can  be  acquired  in  a 
variety  of  ages,  sizes,  nnd  genetic  backgrounds.  Cost  of  acquisition 
and  maintenance  is  usually  far  less  than  that  of  a  dog  of  comparable 
size.  A  more  important  fact  than  these  considerations  exists,  l.e., 
available  inform.it ion  shows  the  pig  Is  superior  to  the  dog  in  terms  of 
his  physiological  and  biochemical  similarities  to  man.  Such  informa¬ 
tion,  however,  is  limited.  Tims,  if  the  pig  is  to  become  firmly  es¬ 
tablished  as  a  mor^  appropriate  large  animal  model  than  the  dog  for 
gathering  experimental  data  which  are  applicable  to  humans,  much  addi¬ 
tional  research  is  needed  to  establish  baseline  data.  It  is  to  this 
problem  that  the  present  study  is  directed. 

Two  types  of  experiments  are  being  conducted.  In  one,  selected  normal 
physiological  or  biochemical  characteristics  will  be  described.  In  the 
other,  normal  response  characteristics  of  selected  physiological  or 
biochemical  variables  will  be  delineated. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Arterial  and  venous  measurements  in  young  swine  during  controlled  acid- 
base  steady  state  yield  the  following  average  valves; 


f 


i 

I 


VWWBO 


Component 

F.A. 

P .  A . 

A.V.C. 

P  .V  .C . 

I  .J. 

C.S. 

P0i  (Torr) 

97 

36 

39 

35 

39 

30 

s0,  (t) 

94 

51 

58 

49 

52 

42 

Co  (ml/100  ml) 
2 

15.-'. 

8.5 

9.5 

8.1 

9.3 

6.9 

PH 

7  .40 

7.34 

7.33 

7.34 

7.33 

7.34 

PC02  (Toor) 

47 

57 

58 

57 

58 

57 

1 HCO ” ]  (moq/1) 

27  .6 

29.6 

29.5 

29.8 

29.6 

29.« 

B.E.  (meq/l) 

+2.8 

+  3.9 

+3.6 

44  .3 

+3.7 

+4.7 

F.A,  •  femoral 

artorv:  P 

.A .  * 

pulmonary  arterv:  A.V 

.C.  ■»  anterior  vena 

cava:  P.V.C.  »■ 

poster  tor 

vena 

cava  :  1  ..1 .  « 

■  internal 

Jugular:  C 

.S.  - 

coronarv  sinus. 


At  equivalent  pH  and  *’<•»,  levels  the  foregoing  data  indicate  that 
a  (>2 

voting  pigs  have  a  lower  arterial  Sa  and  C.lrt  than  humans.  These  cf- 

U«)  **()? 

fects  are  attributable  to  the  lower  oxyhemoglobin  affinity  and  hemo¬ 


globin  concentration  in  porcine  as  .  octpared  to  human  blood.  Porcine 


blood  has  higher  values  of 
equivalent  pH  value.  Thus 


1*  and 

•'c:o? 

.  in  acute 


(HCO^l  than  human  blood  at  an 
experimental  settings  ventila¬ 


tory  regulation  to  establish  the  Pa_  at  40  toor,  the  average  human 

\.v>0 

value,  will  lead  to  alkalosis  in  the  pig. 


CONCUR  OSS 

The  acid  base  and  blood  gas  characteristics  of  porcine  blood  are  suffi¬ 
ciently  close  t;-  those  of  human  blood  to  serve  as  a  useful  model. 

RECOMMENDATION'S 

Although  this  »tudv  has  opened  a  tremendous  area  of  potentially  in¬ 
valuable  research,  it  is  being  terminated  because  of  a  planned  reorgani¬ 
zation  of  LAIR  and  loss  of  the  principal  investigator. 

r.UJLyk\TJONS 

None 
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ABSTRACT 


PROJECT  NO.  3M62772A812  Military  Animal  Resources  Develop¬ 

ment 

WORK  UNIT  NO.  00)  Improvement  of  Health  and  Effec¬ 

tiveness  of  Military  Dors 

The  following  investiR.it ion  has  been  conducted  under  this  work  unit* 

STUDY  NO.  1  The  bioenerRet ics  of  exercise  and  physical  training 
in  the  German  Shepherd 

Eight  German  Shepherd  tvpe  dogs  were  physical ly  conditioned  over  a  4- 
month  period  to  gradually  increasing  wr  -k  loads  on  a  motor-driven 
treadmill.  The  four  best  performers  were  able  to  run  34  km  (21  mi) 
daily  at  a  rate  of  11 .3  km/hr  (7  mph)  on  a  7T  graie.  Over  the  course 
of  training  these  four  docs  had  an  average  body  w.-ight  loss  of  1  .5  kc 
(4.8*)  and  increased  their  dailv  food  consumption  bv  31.5*.  Adaptive 
changes  associated  with  physical  conditioning  included  increased  values 
for  plasma,  erythrocyte,  and  total  blood  volume  and  decreased  values 
for  hematocrit  and  extracellular  fluid  volume. 

This  work  unit  is  being  terminated. 


280 


BODY  OF  REPORT 


WORK  UNIT  NO.  003  Improvement  of  Health  and  Effective¬ 

ness  of  Military  doge 

STUDY  NO.  1  The  bioenergetics  of  exercise  and 

physical  training  in  the  German 
Shepherd 

PROBLEM 

The  German  Shepherd  dap,  because  of  his  size,  intelligence,  and  adapta¬ 
bility  to  physical  and  obedience  training,  has  been  extensively  used  for 
military  patrol  and  sentry  duties.  Field  reports,  however,  indicate 
that  substantial  numbers  of  military  working  dogs  did  not  perform  at 
anticipated  levels  during  the  Vietnam  conflict.  The  factors  responsible 
for  such  performance  decrements  are  unknown,  but  speculative  causes  in¬ 
clude  an  inadequate  caloric  intake  and  poor  tolerance  to  hot  humid 
environments.  The  objective  of  this  studv  is  to  delineate  the  physio¬ 
logical,  biochemical,  and  nutritional  factors  which  limit  physical 
performance  of  the  German  Shepherd  dog. 

RESULTS  AND  PI SCUSSION  OF  RESULTS 

Over  a  2-month  period  eight  German  Shepherd  type  dogs  were  preconditioned 
to  a  12-hour  day-nig*  ;  lighting  schedule,  ad  libitum  feeding  and  exer¬ 
cise  famllarization  (5  minutes  daily)  on  a  motor-driven  treadmill. 

During  the  last  week  of  the  preconditioning  period,  daily  food  (Gaines 
Meal)  consumption,  body  weight,  hematocrit,  plasma  (Evans  Blue)  volume, 
and  extracellular  (sucrose  space)  volume  were  measured.  Circulating 
erythrocyte  and  total  blood  volume  were  calculated. 

Subsequent  to  the  preconditioning  period,  the  dogs  were  subjected  at 
approx Imately  2-week  intervals  to  progressively  increasing  levels  of 
physical  work.  This  was  achieved  on  a  5-dav  per  week  schedule  over  a 
i-montl  period  bv  gradually  increasing  the  grade  and/or  velocity  of  the 
treadmill.  The  dogs  were  allowed  15-minute  rest  periods  after  each 
30-minute  bout  of  exercise.  During  the  course  of  this  physical  con¬ 
ditioning  period  one  dog  was  withdrawn  because  of  hip  dysplasia,  while 
desired  levels  of  performance  in  three  others  were  not  achieved  because 
of  foot  pad  soreness  or  invaired  physical  work  capacity  of  undefined 
nature.  The  four  best  dogs  ultimately  achieved  a  capacity  for  running 
km  (21  miles)  per  day  at  11.3  km  (7  miles)  per  hour  on  a  7X  grade 
over  a  3-hour  period.  During  the  final  week  of  the  physiclal  condition¬ 
ing  period  ail  of  the  above  indicated  measurements  were  repeated.  In 
the  four  best  dogs  the  following  data  were  obtained: 
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Body  Food 

Dog  Wt.  Intake  Hct.  P.V.  E.V.  B.V.  F..C.V. 


Before  Physical  Conditioning 


01 

29.7 

92,5 

46 

42 

36 

78 

253 

02 

26,0 

99.4 

49 

44 

42 

86 

288 

97 

35,6 

70.9 

50 

34 

34 

68 

235 

98 

36,8 

59.9 

49 

38 

37 

75 

24  3 

Mean 

32.0 

80.67 

48.5 

38.5 

37.2 

76,7 

255.2 

After  Physical  Conditioning 


01 

28.0 

113.8 

42 

48 

43 

91 

209 

02 

25.8 

143.3 

46 

54 

46 

100 

238 

97 

33.1 

95.0 

45 

52 

42 

94 

261 

98 

•  .0 

72.* 

46 

50 

43 

93 

193 

Mean 

30.4  7 

106  .10 

44.7 

51  .0 

43.5 

94.5 

225  .2 

Body  wt  •*  kg:  Food  intake  -  keal/kg/day  Hct  »  hematocrit,  X:  P.V.  « 
plasma  volume,  ml/kg*.  E.V,  »  ervthrocvte  volume,  ml/kg*  B.V.  •  blood 
volume,  ml/kg:  E.C.V.  «  extracellular  volume,  ml/kg 

These  data  show  that  the  average  energy  cost  associated  with  daily 
running  at  11.3  km/hr  on  a  7X  grade  for  34  km  is  25.4  keal/kg  body 
weight,  or  31. 57  over  the  sedentary  value.  On  the  basis  of  vertical 
distance  achieved  under  such  conditions,  the  apparent  efficiency  of 
food  utilization  for  physical  work  was  21.17.  Adaptive  changes  associ¬ 
ated  with  canine  physical  conditioning  include  increased  values  for 
plasma,  erythrocyte  and  blood  volume,  and  reduced  values  for  body 
weight,  hematocrit,  and  probably  extracellular  volume. 

CONCLUSIONS 


Heavy  physical  work  by  Herman  Shepherd  dogs  would  not  appear  to  be 
limited  by  the  capacity  to  consume  adequate  fo'a  energy  to  compensate 
for  increased  energy  expenditure,  thus,  the  food  energy  Increment  ob¬ 
served  here,  31,57,  is  less  than  one-half  of  that  reported  for 
sedentary  dogs  exposed  out  of  doors  to  the  Arctic  winter.  Hyperthemia 
would  seem  to  be  a  more  likely  cause  of  the  impaired  canine  work  per¬ 
formance  observed  in  hot  humid  environments.  In  this  regard,  limited 
measurements  in  this  study  showed  that  heavy  work  in  the  German 
Shepherd,  even  at  a  room  temperature  of  approximately  21°C  (70°F), 
regularly  led  to  rectal  temperatures  in  excess  of  41°C  (106°F)  and 
frequently  as  high  as  42.8°C  (109°F) . 
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BODY  OF  REPORT 

WORK  UNIT  NO.  003  Improvement  of  Health  and  Effective¬ 

ness  of  Military  dogs 

STUDY  NO.  1  The  bioenergetics  of  exercise  and 

physical  training  in  the  German 
Shepherd 

PROBLEM 


The  German  Shepherd  dog,  because  of  his  sire.  Intelligence,  and  adapta¬ 
bility  to  physical  and  obedience  training,  has  been  extensively  used  for 
military  patrol  and  sentry  duties.  Field  reports,  however,  indicate 
that  substantial  numbers  of  military  working  dogs  did  not  perform  at 
anticipated  levels  during  the  Vietnam  conflict.  The  factors  responsible 
for  such  performance  decrements  arc  unknown,  but  speculative  causes  in¬ 
clude  an  inadequate  caloric  intake  and  poor  tolerance  to  hot  humid 
environments.  The  objective  of  this  study  is  to  delineate  the  physio¬ 
logical,  biochemical,  and  nutritional  factors  which  limit  physical 
performance  of  the  German  Shepherd  dog. 


RESULTS  ANT)  DISCUSSION  OF  RESULTS 

Over  a  2-month  period  eight  German  Shepherd  type  dogs  were  preconditioned 
to  a  12-hour  day-night  lighting  schedule,  ad  libitum  feeding  and  exer¬ 
cise  familnr ization  (5  minutes  dally)  on  a  motor-driven  treadmill. 

During  the  last  week  of  the  preconditioning  period,  daily  food  (Gaines 
Meal)  consumption,  body  weight,  hematocrit,  plasma  (Evans  Blue)  volume, 
and  extracellular  (sucrose  space)  volume  were  measured.  Circulating 
erythrocyte  and  total  blood  volume  were  calculated. 


Subsequent  to  the  preconditioning  period,  the  dogs  were  subjected  at 
approximately  2-wcek  intervals  to  progressively  increasing  levels  of 
physical  work.  This  was  achieved  on  a  5-day  per  week  schedule  over  a 
4-month  period  by  gradually  Increasing  the  grade  and/or  velocity  of  the 
treadmill.  The  dogs  were  allowed  lS-minute  rest  periods  after  each 
30-mlnute  bout  of  exercise.  During  the  course  of  this  physical  con¬ 
ditioning  period  one  dog  was  withdrawn  because  of  hip  dysplasia,  while 
desired  levels  of  performance  in  three  others  were  not  achieved  because 
of  foot  pad  soreness  or  iapaired  physical  work  capacity  of  undefined 
nature.  The  four  best  dogs  ultimately  achieved  a  capacity  for  running 
34  km  f 21  miles)  per  day  at  11.3  km  (7  miles)  per  hour  on  a  7X  grade 
over  a  1-hour  period.  During  the  final  week  of  the  physicial  condition¬ 
ing  period  all  of  the  above  indicated  measurements  were  repeated.  In 
the  four  best  dogs  the  following  data  were  obtained: 
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RECOMMENDATIONS 


The  interrelationships  of  temperature  and  humidity  on  canine  work  capa¬ 
city  should  be  systematically  investigated  so  that  tolerance  character¬ 
istics  and  animal  handling  procedures  can  be  accurately  delineated. 

This  work  unit,  however,  will  be  terminated  because  of  the  reorganiza¬ 
tion  of  LAIR  and  consequent  loss  of  the  principal  investigator. 

PUBLICATIONS 

1.  RODKEY,  W.r...  J.P.  HANNON,  J.  DRAMISE.  R  .D .  WHITE.  D.C.  WELSH,  and 
B.N.  PERSKY.  Arterial  capillary  blood  used  to  determine  the  acid 
base  status  of  dogs.  Am  J  Vet  Res,  39:459-464.  1978 

2.  TURNIER,  J.C.,  and  S.  SILVERMAN.  Panosteitis:  Comparison  of  radio- 
graphic  and  radioisotopic  studies.  .1  Am  Vet  Med  Ass  (in  press) 
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(U)  Neurophysiology;  (U)  Resuscitation;  (0)  Psychopharaacology 


kA  nOMKM.  H  Ms*»*«l«.  Ml 


23.  (U)  Resuscitation  froa  trauaa  in  combat  operations  imposes  probleas  not  typically 
encountered  in  civilian  medical  operations.  Aaonf  these  are  the  occurrences  of  mass  casu¬ 
alties,  and  physical  limitations  of  field  medical  facilities.  Short,  violent  conflicts 
will  further  limit  field  aedlcal  support  of  coafcat  operations  and  medical  casualties  asy 
be  required  to  continue  limited  support  oi  combat  operations.  There  will  be  greater  em¬ 
phasis  on  methods  of  creating  combat  injuries  which  permit  rapid  return  to  duty.  Therob- 
jectlves  of  this  work  unit  are  to  assess  the  effects  of  military  trauaa  on  combat  effect¬ 
iveness  and  to  evaluate  functional  recovery  following  the  use  of  different  resuscitating 
procedures. 

24.  (U)  The  methods  used  emphasize  the  detection  and  quantification  of  those  functional 
changes  which  could  limit  adaptation  to  the  environment  follovlng  trauaa.  loth  behavior¬ 
al  and  neurophysiological  techniques  are  employed  in  order  to  increase  the  changes  of  de¬ 
tecting  effects  which  are  of  functional  significance  to  the  organism.  Behavioral  testing 
is  used  to  evaluate  basic  sensory  and  motor  processes  as  well  as  more  complex  cognitive 
professes,  ihe  additional  data  obtained  through  appropriate  analysis  of  spontaneous  and 
evoked  electroencephalographic  activity  provides  further  evidence  of  possible  changes  in 
central  nervous  system  functioning. 

25.  (U)  (7710-7809).  Behavioral  recovery  following  massive  transfusion  with  a  plasma 

;  protein  solution  was  fotxid  to  be  doee-dependent  end  else  s  function  of  th#  behavioral  test 

j  employed.  Date  are  balng  analysed  following* an  extansive  neurophysiological  study  of  the 
central  nervoua  system  effects  of  massive  trsnsfusion.  A  method  has  been  developed  for 
automatically  regulating  delivery  of  anesthetics  according  to  computer  monitored  changes 
in  physiological  proceases. 
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ABSTRACT 

PROJECT  NO.  3E7A2772A812  Military  Research  Animal  Resources 

WORK  UNIT  NO.  024  Ncurobehavioral  Invent i rations  of 

Military  Trauma 

The  following  investigat ions  have  been  conducted  under  this  work  unit: 
STUDY  NO.  1  Behavioral  effects  of  massive  transftision 
STUDY  NO.  2  Neurophysiological  effects  of  massive  transfusion 
STUDY  NO.  3  Servonnesthesia 

STUDY  Ho.  1.  The  behavior  of  rats  in  operant  conditioning  modular  test 
chambers  in  the  open-field  test  was  examined  following.  exchange  trnns- 
fusion  with  a  plasma  protein  solution.  Subjects  were  divided  into 
three  groups:  control,  502  replacement, and  702  replacement  -  the  p.roup 
denoting  the  amount  of  blood  replaced.  A  significant  decrement  in 
operant  performance  was  recorded  on  the  first  three  days  following 
transfusion.  Behavioral  recoverv  appeared  to  be  nearly  complete  hv  the 
fourth  post-transfusion  day.  There  was  no  significant  correlation 
between  high  performance  levels  in  the  operant  test  and  activity  in  the 
open-field.  Future  research  should  include  a  manipulation  of  several 
transfusion  doses  to  be  correlated  with  various  response  levels  of  the 
subjects. 

STUDY  NO.  2.  Physiological  data  were  collected  during  several  daily 
test  sessions  before  and  after  massive  transfusion  with  a  cell-free 
plasma  protein  solution.  The  electrocardiogram,  respiratory  rate  and 
rectal  temperature  were  monitored  by  using  detachable  electrodes. 
Spontaneous  and  stimulus-evoked  brain  electrical  activity  was  recorded 
from  chronically  implanted  epidural  electrodes.  Rasellne  and  post- 
transfusion  data  have  been  collected  from  several  animals.  Roth  time- 
domain  and  frequency  analyses  are  being  used  to  process  these  data. 
Further  statistical  analyses  will  be  required  to  assess  the  significance 
of  changes  in  grain  electrical  activity  observed  during  this  study. 

STUDY  NO.  3.  Spontaneous  and  stimulus-evoked  brain  electrical  activity 
was  recorded  from  animals  anesthetized  with  pentobarbital.  Combinations 
of  electroencephalo;.7aphlc  and  physiological  indices  vere  evaluated  as 
indicators  of  the  anesthetic  level  of  the  animal.  These  indices  were 
derived  through  a  principle  components  analyses  of  the  physiological 
data.  The  effectiveness  of  these  indicators  In  feedback  regulating 
aneathesia  will  be  examined. 
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WORK  UNIT  NO.  024 


body  of  report 

Neurohehnvinral  Invest ipat ions 
of  MUitnrv  Trauma 


STUDY  NO.  1 

PP.OBLEU 


Behavioral  efforts  of  massive 
transfusion 


Relatively  few  clinical  studios  have  addressed  the  physiological 
effects  of  transfusion  on  behavior  and  performance.  Clearly,  the 
maintenance  of  life  of  the  exsanguinating  patient,  snrh  as  the  massively 
Injured  combat  soldier,  depends  upon  transfusion.  Human  albumin  Is 
presently  used  in  clinical  situations,  however,  the  behavioral  effects 
of  its  use  during  the  recovery  of  the  patient  have  not  been  evaluated. 
The  present  studv  waa  undertaken  to  determine  the  behavioral  effects 
upon  exsanguinated  rats  transfused  with  an  albumin  concentrate. 

RESULTS  AND  DISCUSSION  OK  THE  RESULTS 

Two  test  situations  were  used  to  measure  behavior:  1)  operant  con¬ 
ditioning,  and  2)  the  open-field  test.  A  fired  ratio  (FT)  srhedulc 
provided  reinforcement  In  direct  proportion  (1:20)  to  the  number  of 
barpress  responses  emitted  by  the  animal.  The  FT.  performance  is 
characterized  by  relatively  high  and  stable  response  rates.  The  open- 
field  test  was  carried  out  in  a  1  X  3  ft  field  with  a  grid  floor  ruled 
into  16  nine-inch  squares.  All  subjects  were  placed  for  3  min  in  the 
open-field,  during  which  time  their  scores  on  ambulation,  rearing, 
grooming,  freezing,  defecation,  and  urination  were  recorded.  Ambulation 
scores  were  determined  by  the  number  of  grid  lines  each  rat  crossed 
during,  the  3-min  interval. 

Each  rat  was  assigned  at  random  to  one  of  the  following  groups:  control. 
507  replacement,  and  707.  replacement  -  the  group  denoting  the  amount  of 
blood  replaced.  Blood  replacement  was  a  57  solution  of  human  plasma 
protein  fraction  (riasmanate”) .  Results  from  the  analysis  of  co- 
variance  showed  that  effects  of  treatment  produced  the  most  significant 
effects  on  the  subject’s  performance  scores  on  the  first  three  days 
following,  transfusion.  From  the  fourth  to  the  tenth  days,  the  response 
differences  among,  groups  decreased  and  groups  began  to  reassume  their 
normal  baseline  levels.  There  was  no  significant  correlation  between 
high  response  rates  on  the  FP.  task  and  a  high  level  of  activity  in  the 
open-field  either  before  or  after  treatment. 

CONCLUSIONS 

The  effect  of  the  experimental  treatment  upon  the  subjects  for  all 
groups  was  dependent  upon  their  level  of  transfusion.  Data  from  the 
analysis  of  covariance  indicate  that  the  subjects  were  nearly  recovered 
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after  the  third  post -treatment  day.  Contrary  to  expectations,  the 
open-field  test  did  not  appear  to  be  an  effective  means  of  measuring 
the  effects  of  transfusion  upon  the  subjects.  Data  from  the  correla¬ 
tion  analysis  on  open-field  activity  and  KR  performance  have  important 
theoretical  implications  regarding  the  nature  of  exploration  and  food 
acquisition.  It  may  be  concluded  from  these  data  that  the  level  of 
exploratory  drive  in  the  rat  is  not  related  to  its  drive  in  the 
acquisition  of  food. 

RF.COHMENDATIONS 

It  would  be  advisable  to  determine  if  a  manipulation  of  several 
transfusion  doses  mipht  he  correlated  with  various  response  levels  of 
the  subjects.  A  further  consideration  would  he  to  stuoy  the  effects  of  , 

transfusion  upon  subjects  transfused  with  various  other  materials.  i 

f 

Studies  in  which  hanked  blood  is  used  as  the  transfusion  medium  would 
be  useful  in  obtaining  baseline  data  from  a  standard  transfusion 
mediusi.  The  comparison  of  these  data  with  data  obtained  from  studies 
in  which  other  transfusion  materials  are  used  would  be  useful  in  the 
development  and  refinement  of  transfusion  (solutions. 


Pathological  studies  may  be  performed  on  each  experimental  subject. 

The  tissue  samples  would  be  used  to  corroborate  with  any  data  of 
physiological  and  cerebral  damage. 

PUBLICATIONS 

1.  ESCANDARIAN,  r..  E.,  J.  S.  SnRINCUAK,  P.  A.  O'HARA.  Behnvioral 

effects  in  rats  following  massive  transfusion  with  plasma  protein 
solution.  (Submitted  for  publication) 


STUDY  NO.  2  Neurophysiological  effects  of 

massive  transfusion 

PROBLEM 

Examination  of  stimulus-evoked  peripheral  and  central  nervous  system 
electrophyslologlcal  events  can  provide  valuable  information  concerning 
the  ability  of  the  nervous  system  to  process  and  respond  to  external 
events.  Changes  in  the  spontaneously  occurring  electrical  activity  of 
the  brain  may  provide  additional  information  concerning  the  general 
state  of  the  organism.  The  objectives  of  this  study  are  (1)  to  use 
electrophyslologlcal  data  in  assessing  the  effects  of  various  resus¬ 
citating  solutions  and  procedures  on  brain  functioning  and  behavior 
and  (2)  to  relate  electrophyslologlcal  data  obtained  during  resuscita¬ 
tion  to  the  subsequent  functional  recovery  of  the  subject.  Suspected 
post-traumatic  functional  changes  in  the  subjects  will  also  be  confirmed 
with  behavioral  measurements . 
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The  identification  of  physiological  varinhlca  which  reliably  predict 
overall  functional  recovery  could  lead  to  the  development  of  diagnostic 
procedures  for  use  in  rapid  screening  of  brain  dysfunction  in  combat 
casualties  where  significant  blood  loss  and  replacement  have  occurred. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Raseline  and  post-transfusion  visual,  auditorv,  and  somatosensory 
evoked  potential  data  have  been  recorded  from  rats  with  the  use  of 
chronically  implanted  electrodes.  Epochs  of  spontaneous  electro- 
encephalographic  (FEC)  activity  were  also  recorded  from  these 
electrodes.  The  electrocardiogram,  respiratory  rate,  and  rectal 
temperature  were  also  monitored  durinr,  each  data  collection  session. 

Data  were  obtained  over  a  period  of  several  davs  before  and  after 
transfualon  with  a  cell-free  albumin  solution. 

Data  analyses  have  not  been  completed.  Preliminary  analyses  suggested 
that  changes  in  evoked  potential  waveforms  and  EEC  and  evoked  potential 
power  spectra  mav  occur  following  transfusion.  >fultlvnrlnte  statistical 
analyses  will  be  used  to  assess  the  simifiennee  of  the  observed  chnnpes 
in  the  electrophysiolopical  signals. 

CONCLUSION'S 


None 

P-ECOMMhNUATIONS 

The  studies  which  arc  in  progress  must  be  expanded  to  include  studies  of 
standard  crystalloid  and  colloidal  asnnruinous  resuscitating  solutions, 
khole  blood  transfusions  may  prove  useful  as  a  standard  conCrol 
condition.  The  functional  significance  of  chnnpes  in  brain  electro¬ 
physiology  which  might  occur  following  transfusion  remains  to  be 
investigated. 

PUBLICATIONS 


None 


STUDY  NO.  1  Servonnesthesia 

PROBLEM 


Several  anesthetics  produce  characteristic  chsnpea  in  the  spontaneous 
electrical  activity  of  the  brain,  and  the  changes  can  be  correlated 
with  the  depth  of  anesthesia.  It  would  appear  feasible,  therefore,  to 
use  selected  features  of  the  electroencephalogram  to  control  auto¬ 
matically  the  delivery  rate  of  anesthetic  agents  and  consenuently 
maintain  a  given  depth  of  anesthesia.  Historically,  attempts  to 
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implement  servoanesthesla  systems  have  met  with  limited  success  due  to 
the  complexities  of  biological  signal  processing  end  the  construction 
of  the  control  systems  for  anesthesis  delivery.  There  were  also 
unresolved  questions  concerning  the  selection  of  appropriate  features 
of  the  blolop.ical  signals  for  use  in  feedback  regulation.  Recent 
developments  in  digital  signal  processing  offer  practical  solutions  to 
these  difficulties.  This  studv  was  undertaken  in  order  to  re-examine 
the  servoanesthesla  problem  bv  using  the  more  advanced  computer- 
assisted  methods  which  are  currently  available.  Scrvoaneathesia  would 
be  particularly  valuable  in  forward  medical  support  of  combat  operations. 

RF.SH.TS  AND  DISCUS  ST  OH  OF  RESULTS 

Spontaneous  and  stimulus-evoked  electrocncephnlograohic  activity  were 
recorded  from  animals  anesthetized  with  pentohnrbital .  Visual,  auditory 
and  somatosensory  stimuli  were  used.  Repeated  baseline  measures  using 
chronic  Implants  were  conducted  to  examine  reliability  of  the  measures. 
Electroencephalographic  data  were  combined  with  physiological  measures 
of  heart  rate,  temperature,  and  respiration  rate.  A  principle  com¬ 
ponents  analysis  was  performed  on  these  combined  data.  Several 
components  which  recover  with  changes  in  anesthetic  level  of  the  animal 
were  identified. 

CONCLUSIONS 

Combinations  of  electrnencephalographlc  and  physiological  data  have 
been  identified  which,  for  a  given  subject,  are  related  to  anesthesia 
level. 

RECOMMENDATIONS 

The  derived  indicators  should  be  evaluated  for  effectiveness  in  auto¬ 
matic  feedback  regulation  of  anesthesia  levels.  The  reliability  of 
these  indicators  across  subjects  must  be  evaluated.  These  methods 
should  be  expanded  to  Include  faster-acting  intravenous  anesthesic 
agents  such  as  thiopental  and  inhalation  anesthetics  such  as  halothanc. 

PUBLICATIONS 

None 
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(L)  Eye  Protection;  (U)  Infrared  Lasers; 

-  ((■’)  Systems  Safety;  (U)  User  Hazard:  (U)  Eve  Damage:  (f)  Skin  Damage _ 

25.  (U)  The  objectives  are  to  experimentally  determine  dose  response  relationships  for 

exposure  to  infrared  laser  radiation  for  exposure  conditions  relevant  to  DARCOM  laser 
systems  operation,  for  systems  used  for  ECOM  designation  and  guidance  tasks  and  tc  re¬ 
commend  to  the  Army  user  community  permissible  exposure  limits  and  field  safety  proced¬ 
ures  . 

24.  (U)  the  ED...  (effective  dose  required  to  produce  a  change  502  of  the  time)  for 

j  various  exposure3Conditlons  and  response  criteria  were  determined.  The  cornea  expocures 
|  are  evaluated  at  varloua  time  Intervals, by  direct  observation,  histological  techniques, 

1  and  specular  microscopy.  Available  dos  — response  relationship  were  evaluated  with  re¬ 
spect  to  permissible  exposure  limits. 

[  25  (U)  7710-7809)  After  a  review  of  available  repetitive  pulse  exposure  data  for  a 

wide  range  of  exposure  conditions,  two  methods  weie  derived  to  calculate  permissible  ex¬ 
posures  that  provide  "margins  of  safety"  that  are  comparable  to  and  consistent  with  those 
provided  for  continuous  wave  conditions.  These  methods  were  based  on  the  observation 
that  the  ED-.s  for  repetitive  pulse  conditions  expressed  in  terms  of  the  total  intraocu¬ 
lar  energy  exhibit  a  dependence  on  the  train  duration  of  T.3/4  This  analysis  also  indi¬ 
cated  that  the  average  pulse  repetition  frequency  can  be  used  for  pulse  coded  trains  in 
the  computation  of  permissible  exposures.  Rhesus  monkey  endothelial  cell  size  and  appear¬ 
ance  were  evaluated  in  vivo  and  in  vitro  before  end  after  single  exposures  to  COj  laser 
radiation  (10.6  microns)  from  the  permissible  exposure  Co  doses  1.5  times  those  required 
to  oroduce  a  corneal  opacity.  Exposed  corneA  were  evaluated  up  to  6  months  post  expo¬ 
sure  a:\i  no  significant  changt  in  endothelial  cell  site  was  observed  for  doses  that  pro¬ 
duced  i-miediate  epithelial  opacities. 


DD  ?.VJ498 


t©«Tio«i*  ©*  0«tCb-t*t  20  fCM  i*M* 

*«0  «  «  •»**  88  »•*•»  vi8«*  *•* 


PROJF.n  NO.  1F162772A811  Health  F.f  frets  of  Military  Lasers 


WORK  UNIT  NO.  021  Determination  of  Threshold  Data  from 

Coherent  and  Incoherent  Radiation 
Sources 

The  following  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Ocular  and  skin  effects  of  infrared  laser  radiation 

Rhesus  monkey  endothelial  cell  size  and  appearance  were  evaluated  by 
corneal  specular  microscopy  before  and  after  single  exposures  to  CO^ 
laser  radiation  (10.6  microns)  from,  the  permissible  exposures  to  CO^ 
doses  1.5  tines  those  required  to  produce  corneal  opacities.  The 
cornea  were  evaluated  at  various  intervals  up  to  6  months  after 
exposure  and  no  significant  changes  in  endothelial  cell  size  were 
observed  for  these  exposure  conditions. 

After  a  review  of  available  repetitive  pulse  exposure  data  for  a  wide 
range  of  exposure  conditions,  two  methods  were  derived  to  calculate 
permissible  exposures  that  provide  "margins  of  safety”  that  are 
comparable  to  and  consistent  with  those  provided  for  continuous  wave 
conditions.  Those  methods  were  based  on  the  observation  that  the  FD^s 
'Tor  repetitive  pulse  conditions  expressed  in  terms  of  the  tot^^ intra¬ 
ocular  energy  exhihlt  a  dependence  on  the  train  duration  of  TJ/  .  This 
analysis  also  Indicates  that  the  average  pulse  repetition  frequency  can 
be  used  for  pulse  coded  trains  in  the  computation  of  permissible 
exposures. 
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BrtDY  OF  RErnr.T 


WORK  UNIT  NO.  021 
STUItt  NO.  1 

PROBLEM 


Health  Effects  of  Military  Laser* 

Ocular  and  sVin  ef,ttcts  of  infrared 
laser  radiation 


Many  currently  used  and  proposed  military  laser  svstens  operate  in  the 
Infrared  region  of  spec t run  hevond  1.4  microns.  This  region  of  the 
electromagnetic  spectrum  is  comnonly  referred  to  au  the  "eve  safe" 
region  because  the  radiant  exposure  required  to  produce  an  observable 
change  is  10  to  10000  times  higher  than  that  required  for  visible  and 
near  infrared  wavelengths.  For  infrared  uavelenpths,  the  cornea  and 
outer  ocular  structures  are  the  prirary  absorption  site  and  conseouentlv 
the  site  of  injury,  whereas  the  retina  is  affected  hv  the  visible  and 
near  infrared  wavelengths.  Although  permissible  exposure  Units  have 
been  defined  in  TB  MFD  270,  there  are  exposure  conditions  relevant  to 
military  applications  where  no  hioeffeets  dsta  are  available.  Per¬ 
missible  exposure  limits  have  been  established  hv  extrapolation  for 
these  conditions. 

Most  of  the  comcal  dose-response  experiments  have  evaluated  the  acute 
response  by  using  the  production  of  an  epithelial  opacity  as  the 
response  criteria.  Endothelial  effects  which  nav  implicate  chronic 
changes  in  corneal  clarity  have  not  been  studied. 

RESISTS  ANT)  DISCUSSION  OF  RESULTS 

The  corneal  endothelium  of  rhesus  nonkrvs  was  evaluated  bv  using  In  vivo 
specular  microscopy  before  and  after  exposure  to  CO^  laser  radiation  at 
10. A  microns.  Since  limited  experimental  data  are  available  describing 
normal  endothelial  cell  sire,  the  following  set  of  experiments  were 
performed.  A  technique  was  developed  for  the  measurement  of  endothelial 
cell  alze  (i.e.,  the  number  of  endothelial  cells  per  unit  area)  fron  the 
photographs  taken  with  the  corneal  specular  microscope.  The  central 
endothelium  of  17  rhesus  monkeys  was  photographed  and  endothelial  cell 
sizes  were  determined.  The  mean  number  of  endothelial  cells  per  nr2 
ranged  from  3000  to  4200  celis/rwr.  The  standard  deviation  of  these 
measurements  ranged  from  ifiO  to  230  cells/nm2  for  measurements  on  a 
given  eye.  The  endothelial  cell  mosaic  wn*  uniform  with  little  pleo- 
morphlsm  evident  within  a  given  photographed  area  (ion  by  Aon  microns). 
Endothelial  cell  size  determinations  were  mnde  at  intervals  of  several 
weeks  over  a  5  mo  period.  The  effect  of  the  dilating  drops  (2  drops 
phenylephrine  hydrochloride  anJ  2  drops  of  cyclopentolotc  hydrochloride) 
was  evaluated  hv  photographing  the  endothelium  before  and  after  ocular 
dilation.  No  effect  on  the  endothelial  cell  size  or  appearance  could 
he  attributed  to  the  dilating  drops. 
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The  eyoe  of  ^  rhesus  nonkey*  wev<*  then  exposed  to  single*  100  msec  doses 
of  CO,  Inset  rndintion.  The  peak  irredlsnre  vzn  s*.*sle^  iron  3,0  V'/crr 
(permissible  exposure  for  these  conditions*  tc  '7  *..,/cnA.  The  Intensity 
distribution  was  Csusslsn  with  a  l/o  din-^x^i  of  7,1  ,-m  (full  ,:nrncal 
expoHure),  J'he  for  the  production  of  *n  er-itiw.Hsi  opacity  was 

previously  determined  to  he  IS,'*  I’/cr/  lor  toe^e  eruditions.  These 
exposed  snimals  were  followed  fet  s  perron  of  5  mi  niter  -".-penure;  Mo 
significant  -.‘hanges  in  central  endothelial  cel  i  sl^e  we  see  ibeM  ved  ■  for 
this  range  of  exposures.  Trypan  biro  staining  of  fm-  e:»4o*  Jr? !♦«.**<  r.s* 
previously  1  *en  observed  ben.'ech  me  l<*sion  sli-;  ana  io  T4*  »*  .'first- 
exposure  to  :*he  higher  dose*  used  1  *•.  fhlw  exp'.'t  Jmeit,  Although  Che 
epithelial  c^pacitv  producr-it  b*  '.no  W'or.‘>  doaee  prevented  corneal 

'/p.‘s.-u!nr  microscopy  between  one  rn<  i,  after  the  exposure  ar«d  'CS'.'if  ed 
In  a  dlffurt*  stromal  sc/r  at  the  n>«L*at  none,  no  change  in 
ceil  sir.e  uc  to  S  mo  after  tK*  expom-e  wni  observed.  At  the  *«»*« 
enucleation,  the  cornea  were-  **X'.:  t  eed  sod  stained  with  cry  nan  K'tx  •  ,ort 
alizarin  red.  No  staining  of  roe  enOot  he!  with  trypan  Mum  nos 
observed.  \  imtocraphs  of  the  mva;-.l».el',al  <*»*’*  ,n  .-It  •«  were  t  ikon  and 
endothelial  cell  size  rcrs-iremer.tft  were  runs  no!  cn-' ■  «*d  with  the 
in  vivo  measurements.  The  cell  Hire  me*;;,.,  renew  fa  in  v.vo  resulted  In 
consistently  larger  cell  sire,  Ac*  ...,ai>i  Is*  af  i-.hr  rvar  ronc-.ts  from 
two  different  eves  and  the  cell  r.ir.c  variation  with  are,-,  is  riven  In 
Table  1. 

Table  1 


CndotheJ  ini  Cell  SI  r.e 


In  Vitro s 

2 

Cel  ls/rm  +  f*P 

Location 

M-3. 

on 

M~f*. 

nr. 

Superior 

3«lo  + 

ISO 

4171  + 

104 

Inferior 

3nso  + 

1A« 

431%  ♦ 

Ilf. 

Terpor.il 

If.  3?  + 

f.3 

433S  + 

40 

Nasal 

3701  + 

210 

4300  + 

2  lit 

Central 

3R4»>  + 

R7 

414?  + 

132 

in  ■; 

Central 

>'=■41  + 

INS 

37S?  + 

lr.n 

lx>as  of  endothelial  cells  an  a  result  of  trauma  1*  thought  to  result  In 
the  enlargement  of  neighboring  cells  which  eventually  results  In  thclr 
inability  to  continue  the  maintenance  of  the  delicate  cornea l-aqueous 
interface.  I^srge  endothelial  celln  were  observed  lr.  the  cornea  of  a 
rhesus  monkey  2  years  after  the  lens  was  removed  and  a  1R0  degree 
iridectomy  was  performed.  The  central  endothelial  cells  were  somewhat 
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Irregular  In  shape  hut  smaller  and  more  repular  in  size  than  those  near 
the  location  of  the  anrplcal  incision  In  the  cornea.  If  endothelial 
cells  were  lost  because  of  the  laser  radiation  insult,  enlarped  cells 
should  have  been  observed;  however,  for  the  conditions  evaluated, 
endothelial  cell  size  several  months  after  exposure  was  comparable  to 
the  pre-exposure  measurement. 

Two  methods  were  derived  for  the  calculation  of  permissible  ocular 
exposure  to  repetitive  pulse  laser  radiation.  The  rationale  for  these 
methods  (the  correction  factor  method  and  the  alternate  method)  waa 
based  upon  available  experimental  data  from  aevernl  laboratoriea.  The 
Ft' -8  (effective  dose  for  0.50  probability  of  an  ophthalmonoopie.nl  1  v 
visible  retinal  lesion)  for  repetitive  pulse  exposures  expressed  in 
terms  of  the  total  intraocular  enerpv  are  proportional  to  the  pulse 
train  duration  to  the  1/A  power.  The  continuous  wave  FP^s  exhibit 
the  same  dencndencc  on  the  exposure  duration;  however,  the  repetitive 
pulse  FT)  s  were  alwavs  some  factor  below  the  continuous  wave  Fit  s. 
This  correction  factor  is  dependent  on  the  pulse  repetition  frequency 
and  the  duration  of  each  individual  pulse  in  the  train.  It  was  applied 
as  a  mult lpl lcat 1 ve  correction  to  the  continuous  wave  maximum  per¬ 
missible  exposure  to  obtain  the  permissible  exposure  for  repetitive 
pulse  conditions. 

A  "marcin  of  s-fetv"  comparable  to  those  imposed  for  continuous  wave 
conditions  was  obtained.  The  alternate  method  applied  n  multiplicative 
correction  to  a  stnrlc  pulse  in  the  train.  This  correction  was 
dependent  or.lv  on  the  number  of  pulses  in  the  train,  because  of  the 
limitations  of  the  present  standard,  this  method  was  not  as  consistent 
in  providing  an  adeouate  “narpln  of  >.af prv"  ns  the  correction  factor 
method;  however,  the  alternate  method  doer,  anp.pest  that  an  averape 
pulse  repetition  frequency  can  he  used  for  oulsr  coded  trains  In  the 
computation  of  permissible  exposures. 

A  lf>0  decree  scanned  visual  display  system  was  evaluated  with  respect 
to  permissible  exposure  lirits  ami  recent  research  data.  1-aner  scanned 
visual  displav  svstems  are  currently  boinp  developed  by  the  Project 
Manaper’s  Office  for  Trainlnp  devices  (TV  Trade)  at  the  ttaval  Traininp 
Fquipment  Center  with  Army  and  !tnvv  fundinp  support  to  enhance  the 
traininp  of  military  pilots.  These  systems  require  aviators  to  view 
and  respond  cont inuouslv  to  a  scene  prnornted  bv  multiple  scanned 
visible  laser  beams. 

The  wide  angle  laser  scanned  display  was  evaluated  in  three  wavs, 

(1)  Instantaneously,  the  illuminated  area  can  he  considered  as  a  finite 
point  which,  if  continuously  observed,  will  anpenr  to  pulsate  at  the 
frame  rate.  (2)  The  display  can  be  considered  as  an  extended  source 
which  Is  pulsatinp  asvncronously  at  the  framlnp  rrte.  (3)  The  display 
can  be  considered  as  a  continuously  illuminated  extended  source  with 
an  average  irradlance.  Repetitive  pulse  exposure  conditions  are 
implied  by  the  first  two  considerations,  while  the  third  irplies  a 
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continuous  exposure  condition.  The  most  stringent  restriction  on  the 
Illuminance  of  the  display  screen  results  when  the  display  is  con¬ 
sidered  as  a  continuously  illuninated  extended  source.  The  permissible 
irradiance  on  the  screen  for  a  2-h  exposure  is  9.2  mU/cr'2.  The  average 
screen  irradiance  (26  uW/cm  ;  of  proposed  laser  scanned  displays  is 
well  withlr.  acceptable  limits  based  upon  current  permissible  exposures. 
The  work  of  7.wick  et  al  (Work  Unit  025  from  this  laboratory)  suggests 
changes  in  visual  function  of  primate  subjects  who  were  repeatedly 
exposed  to  a  diffuse  screen  irradiated  at  the  approximate  levels 
proposed  for  use  in  laser  scanned  displays.  Currently,  the  speckle 
pattern  is  being  evaluated  to  determine  the  possible  contribution  to 
the  observed  effects. 

CONCLUSIONS 

h’o  effects  on  endothelial  rhesus  monkey  cell  size  or  shone  were  ohserved 
for  single  ion  msec  exposures  to  carbon  dioxide  laser  radiation  as 
evidenced  by  in  vivo  specular  microscopy  and  in  vitro  staining  tech¬ 
niques.  The  doses  ranged  fror  the  permissible  exposure  to  1.5  times  the 
ED,„  for  the  production  of  an  epithelial  opacity.  Cornea  were  evaluated 
for  6  mo  after  the  exposures. 

Methods  derived  to  calculate  permissible  exposures  for  repetitive  pulse 
more  accurately  reflect  the  trends  exhibited  b*  available  experimental 
data  than  do  current  procedures. 

RECOMMENDATIONS 

It  was  recommended  that  the  correction  factor  method  be  incorporated 
into  the  current  Armv  laser  protection  standards.  It  was  further 
recortnended  that  the  average  pulse  repetition  frequency  be  used  in  the 
calculation  of  the  permissible  exposure  for  repelirtve  pulse  conditions 
with  a  variable  Interpulse  spacing . 

Further  research  is  required  to  determine  thi  done  response  relation¬ 
ships  for  wavelengths  from  1.4  to  4.0  microns.  The  role  of  the 
endothelium  in  corneal  injurv  and  repair  must  be  evaluated  for  different 
infrared  wavclcnptbs  and  exposure  conditions.  The  effects  of  repetitive 
pulses  and  repented  exposure  for  infrared  wavelengths  need  to  he 
investigated.  The  pcrmirsiblc  exposure  limits  must  be  evaluated  with 
respect  to  current  bioeffects  re&earch. 

baser  scanned  visual  displays  currently  being  developed  to  enhance  pilot 
traininp,  were  reviewed  with  respect  to  current  pern! nsihle  exposures 
and  ocular  effects  research.  Although  the  projected  ycteen  lrradisnees 
arc  well  below  permissible  exposure  limits,  recent  animal  research 
indicates  ocular  effects  at  these  doses.  These,  effects  may,  1m  part, 
be  attributed  to  the  speckle  pattern  produced  hv  the  laser  source. 
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ABSTRACT 


PROJECT  HO.  3E162772A813  Health  Effect*  of  Military  Umar* 

WORK  UNIT  NO.  022  System  Developer  Assistance  Studies 

In  Laser  Bloeffects 


The  following.  investigation*  have  been  conducted  under  this  work  unit: 
STUDY  NO.  1  Project  MILES 
STUDY  HO.  3  Project  AS13 

STUDY  NO.  4  Electrophysiologlcal  evaluation  ->f  low  level  laser 
radiation 

STUDY  NO.  5  Electrophysiologlcal  evaluation  of  frequency  doubled 
peodymlum 

ST!T)Y  HOs.  1,  3,  4,  5.  The  ocular  hazard  of  a  continuous  wave  CaAlAs 
sesiiconductor  laser  was  determined  in  rhesus  monkey  eyes.  The  wave¬ 
length  was  880  no.  The  ED,,  for  30-sec.  exposures  was  2’0  mlllljoule* 
total  Intraocular  energy  (TTF.) . 


Three  direct  fire  simulator  training  device  transmitters  were  evaluated 
against  ocular  tissue.  The  three  devices.  MACLAD,  SPiFIRF,  and  MTI.F.S, 
all  utilised  GaAs  lasers.  MACLAD  and  STMPTRE  produced  no  visible 
alterations  following  a  single  30-scc  exposure.  The  MILES  M-16  ED 
transmitter  produced  subtle  visihle  retinal  Alterations  following 
exposures  of  15  snd  30  sec. 


Rhesus  monkey  eyes  were  irradiated  separately  with  1064  nm  laser 
Irradiation  and  532  nm  irradiation  from  a  neodymium  laser  and  simul¬ 
taneously  with  both  wavelengths.  The  pulse  durations  were  180  nsec  at 
1064  nm  and  140  nsec  at  532  nm.  The  ED„  at  1064  nm  was  128  uJ  TIE. 

The  ED^  st  532  nw  was  2.85  it J .  When  60  uJ  of  1064  energy  was  Included 
in  each  exposure,  the  ED^  for  532  nr  was  reduced  to  2.23  pJ. 

Several  experiments  were  performed  to  determine  (a)  whether  or  not 
charges  previously  reported  in  the  evoked  occipital  potentials  (E0P) 
following  gallium  arsenide  radiation  could  he  reproduced,  (b)  the 
cumulative  effect  of  gallium  arsenide  radiation  upon  the  EOF,  and  (c) 
the  effects  of  frequency  doubled  neodymium  upon  the  E0P.  In  addition, 
a  technique  is  being  developed  to  obtain  a  localised,  small  spot 
argon  laser  stimulated  RHP  and  established  a  series  of  normal  evoked 
potentials  as  a  function  of  the  retinal  site  stimulated.  Data 
collected  thus  far  have  verified  the  earlier  observation  of  changes 
occurring  in  the  late  stages  of  the  EOP.  A  series  of  CaAs  exposures 
in  the  same  ares  in  one  eye  of  a  rhesus  monkey  failed  to  show 
cumulative  effects,  however,  late  changes  were  observed  in  the  evoke*! 
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potential.  A  single  frequency  doublet)  neodynlim  exposure  of  approxi¬ 
mately  1  X  10”*  joule*  for  140  nsec  was  observed.  Changes  in  the  BOP 
were  seen  up  to  approximately  32  sec  post  exposure.  A  technique  Is 
being  developed  to  obtain  focal  BOPs  from  various  areas  of  the  retina 
while  lpsllateral  and  contralateral  potentials  are  collected. 
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BODY  or  RF.POPT 


WORK  UNIT  NO.  022  Syjtcn  Developer  Assistance 

STUDY  NO.  1  Project  MTLF.S 

PROBLFM 


Widespread  deployment  of  "eye-safe"  laser  training  devices  has  been  In 
progress  for  the  past  two  years.  The  laser  of  choice  for  this  appli¬ 
cation  has  been  the  gallium  arsenide  (GnAa)  diode  laser.  The  proposed 
laser  training  device  MILES  C'ultlplo  Integrated  Laser  Engagement 
Simulator)  Incorporates  a  GaAs  laser  operating  In  a  variety  of  coded 
pulse  repetition  rates.  The  intended  field  use  of  the  MILTS  system 
requires  the  direct  Intrahcam  Irradiation  of  personnel.  TPADOG 
purposes  to  field  80,000  of  these  devices  for  training  of  friendly 
troops  within  onc-and-a-half  years. 

The  prototype  MILES  laser  was  reviewed  hy  the  11?  Armv  Environmental 
Hygiene  Agency  In  January  1974.  The  output  exceeded  a  safe  level  to 
the  eye  of  4.8  X  10“"J  per  pulse  obtained  by  multiplying  the  single 
pulse  safe  ’..el  by  the  pulse  repetition  frequency  (PRF)  correction 
factor  listed  In  TB  MFD  279  for  100  Hz.  The  PP.F  correction  for  100  Hz 
was  somewhat  arbitrarily  chosen  because  data  do  not  exist  for  non- 
uniform  Interpulse  spacing.  The  device  could  not  be  classified  as 
safe  for  intrabeam  viewing.  The  dllerwA  presented  by  the  USAE11A 
report  was  that  while  safety  standards  indicated  that  MILES  laser 
emission  levels  were  hazardous,  available  research  results  did  not 
support  this  finding.  Further  research  was  required  to  clarify  the 
effect  of  PPr  f>n  the  ocular  damage  threshold  and  to  determine  the 
ocular  bazar..  »<  «.<  v  GaAs  laser  wavelength  (850  nr  to  **05  nm) . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Well-hchavcd  lasers  were  used  to  establish  the  effects  of  pulse 
repetition  rate  and  pulse  duration  at  wavelengths  neighboring  the 
emission  spectrum  of  the  GaAs  laser.  One  result  of  this  research  was 
the  development  of  consistent  relationships  between  the  ocular 
damage  threshold  for  exposure  to  continuous  wave  radiation  of  the  same 
wavelength  and  for  the  same  total  exposure  duration.  This  irplled  a 
requirement  for  knowledge  of  the  ocular  hazard  of  a  continuous  wave 
semiconductor  laser.  Previous  research  has  provided  data  for  ervo- 
genically  cooled  GaAs  laser  pulsed  at  120  kHz.  This  report  provides 
ocular  damage  data  for  a  true  continous  wave  semiconductor  laser 
device. 

The  device  employed  In  these  experiments  was  a  GaAlAs  atrlpa  geometry  CW 
laser  diode.  Model  LCW-10,  fabricated  by  Laser  Diode  Laboratories.  The 
wavelength  of  maximum  amission,  measured  in  this  laboratory,  was  88!)  nm. 
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The  later  was  driven  with  a  stable  385  mA  source.  A  5.5  m  focal 
length  lens  collimated  the  laser  emission.  The  beam  divergence  was 
0.65  milliradian  (mrad)  by  A. 8  mrad. 

The  animals  used  in  these  experiments  were  rhesus  monkeys  (H&eaca 
mulatta)  weighing  between  2  and  5  kg.  Preanesthrtic  medication  con- 
slated  of  a  sedative  dose  of  phencyclidine  hydrochloride  (0.25  mg/kg) 
Intramuscular  and  atropine  sulfate  (0.2  mg)  subcutaneously.  Anesthesia 
was  induced  with  sodium  pentobarbital  (approximately  5  ng/kg)  via  the 
saphenous  vein.  A  pediatric  intravenous  Injection  set  was  placed  into 
the  saphenous  vein  to  administer  fluids  and  tc  facilitate  additional 
anesthetic.  The  pupils  were  dilated  and  sutures  of  3-0  silk  were 
placed  in  the  upper  eyelid  to  facilitate  manipulation.  While  the  eyes 
were  open  during  the  experiment,  physiologic  saline  was  used  to  main¬ 
tain  good  corneal  transparency. 

The  animals  were  positioned  in  the  exposure  system  and  the  fundus 
examined  via  the  Zeias  fundus  camera.  A  horizontal  row  of  12  supra- 
threshold  retinal  exposures  were  made  with  the  erblun  laser  to  produce 
location  markers.  Three  rows  of  CaAlAs  laser  exposures  were  located 
below  the  marker  row.  The  doses  were  varied  through  one  log  unit 
below  the  maximum  attal**hle.  All  CaAlAs  exposures  were  of  30-sec 
duration,  controlled  by  turning  the  laser  on  and  off.  The  exposure 
sites  were  immediately  recorded  on  a  polaroid  fundus  photograph  to 
Insure  subsequent  identification,  and  were  examined  via  ophthalmoscope 
one  hour  later.  The  criterion  for  damage  was  the  presence  of  a 
visible  opacity  at  this  examination.  The  data  were  statistically 
evaluated  to  determine  the  E1)jQ  and  associated  ‘♦S*  confidence  limits. 

All  exposures  were  of  30-sec  duration.  The  El>,n,  determined  from  185 
exposures  in  6  eyes,  was  230  nJ.  The  lower  ana  upper  952  confidence 
limits  were  202  mJ  and  262  nJ  respectively.  This  result  is  somewhat 
biased  because  the  laser  was  unable  to  deliver  a  dose  which  produced 
damage  1002  of  the  time,  however,  the  deviation  from  a  true  ED,_ 
should  be  small. 


The  120  kHz  CaAs  and  cw  CaAlAs  data  are  not  for  minimal  image  diameter. 
Extrapolation  is  possible  from  tltese  data  to  the  estimated  threshold 
for  worst  case  conditions.  Data  collected  for  a  variety  of  pulse 
durations,  wavelengths,  and  retinal  lrradlance  diameters  show  that, 
on  the  average. 

Equation  1.  Log  E  •  k  •  log  0 


where  E  is  the  retinal  radiant  exposure  F.n  and  I)  is  the  retinal 
lrradlance  diameter.  From  this  equation  can  be  derived  the 
relationship: 


Equation  2. 
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where  TIE  la  the  total  Intraocular  energy  and  A  la  irradiated  area. 

The  120  kHz  laser  had  a  heat"  divergence  of  11  nrad  bv  0.2  mrad.  It  ia 
highly  unlikely  that  the  eye  would  be  able  to  produce  the  approximately 
3  micron  (wra)  spot  predicted  from  0.2  mrad  divergence;  a  dimension  of 
at  least  20  gm  is  probable.  The  continuous  wave  (cw)  diode  produced  a 
beam  divergence  of  4.8  by  0.6  nrad.  The  eye  would  again  produce  at 
least  a  20  urn  spot  from  the  0.6  nrad  divergence.  The  120  kHz  diode 
Irradiated  a  retinal  spot  of  165  X  20  un  and  the  cw  diode  irradiated  a 
retinal  spot  of  72  X  20  un.  From  Equation  2  the  120  kite  OnAs  data  must 
be  reduced  by  a  factor  of  3.24  and  the  cw  GaAlAs  data  reduced  by  a 
factor  of  2.14  to  present  the  worst  case  conditions  (20  gm  diameter 
spot ) . 

Viewing  multiple  pulses  is  more  hazardous  than  viewing  a  single  pulse 
because  of  additivity  of  pulse  effects.  At  question  is  the  degree  of 
additivity.  Ocular  damag,e  thresholds  were  determined  for  exposure  to 
pulse  trains  from  a  repetitively  pulsed  neodymium  laser.  These 
measurements  were  designed  to  determine  the  additivity  of  the  effec¬ 
tiveness  of  pulses  as  a  function  of  pulse  number  and  pulse  separation. 
The  consistent  relationship  between  pulse  train  data  and  cw  data  led 
to  the  following  formulation  for  computing  the  maximum  permissible 
exposure  to  pulse  trains. 

ip 

Equation  3.  MPE  (T)  ♦  CP  HPE(T) 

gp 

MPE  (T)  is  the  maximum  permissible  exposure  expressed  as  total  intra¬ 
ocular  energy  for  the  pulse  train  of  duration  T,  MPE(T)  is  the  maximum 
permissible  exposure  for  cw  irradiation  of  duration  T  and  CF  Is  a 
correction  factor  which  is  independent  upon  the  pulse  repetition  fre¬ 
quency  and  the  duration  t  of  an  individual  pulse  in  the  pulse  train. 

Equation  4.  for  t  greater  than  2  usee  CF  •  3.5  PP.Ft 

for  t  less  than  2  nsec  CF  »  1.8  X  10"llFPFt”1 

This  method  has  the  advantage  cf  applying  the  same  margin  of  safety  for 
pulse  train  exposures  as  is  applied  to  cw  exposures. 

CF  was  derived  by  taking  the  ratio: 

Equation  5.  CF  -  ET>^J(T) /ED^T) 

HP 

ED«q(T)  and  ED.Q(T)  are  the  damage  threshold  doses  for  pulse  trains  of 
total  duration  t  and  cw  exposures  of  total  duration  T  respectively. 

Applying  CF  to  the  estimated  worst  case  for  cw  exposures  yields  a 
worst  case  for  pulse  train  exposures. 

Another  result  obtained  from  the  evaluation  of  pulse  repetition  data  is: 
Equation  6.  HPKRP(T)  -  n3/4  Q  KTE(t) 


i 

I 

i 
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where  n  is  the  number  of  pulses  in  the  pulse  train,  and  MPF(t)  ia  the 
maximum  permissible  exposure  for  «  single  pulse.  Q  is  a  constant  for 
any  given  pulse  duration  and  wavelength,  but  its  numerical  value  is  not 
readily  predictable.  This  relationship  savs  that  MPT***  is  essentially 
Independent  of  PPF,  but  depends  onlv  on  the  number  of  pulses.  There¬ 
fore,  the  results  of  the  foregoing  section  are  valid  when  applied  to 
the  average  PRF  of  a  non-uni formly  spaced  train  of  pulses. 

In  addition  to  the  above,  experimental  evaluation  of  three  laser  train¬ 
ing  devices  was  performed.  These  were  the  MAGIAD,  SIMTAT,  and  MILKS 
M-16  transmitters. 

The  MAGLAD  laser  is  a  direct  fire  simulator  designed  for  use  with  a 
detector  instrumented  pop-up  target.  The  transmitter  utillr.es  a  pulsed 
OaAs  laser  (90 5  nm).  A  prototype  transmitter  wns  provided  to  the 
Division  of  Non-Ionizing  Radiation,  LAIR  hy  International  Laser 
Systems,  Orlando,  Florida  for  evaluation  of  the  effects  of  the  emitted 
optical  radiation  on  primate  retina. 

The  device  has  two  internally  controlled  nodes  of  operation.  In  the 
single  shot  mode  the  laser  will  emit  a  group  of  If  pulses  (simulation 
of  one  round)  each  time  the  trigger  switch  is  closed.  In  the  automatic 
mode,  the  laser  will  emit  groups  of  lb  pulses  at  a  group  repetition 
rate  of  12.5  Hz  until  a  full  clip  (20  rounds  or  30  rounds,  selectable) 
is  simulated  or  until  th»  trigger  is  released.  For  the  purpose  of  the 
measurement  reported  here,  the  device  was  extemslly  triggered  at  s 
group  repetition  frequency  of  10  Hz  so  that  30-sec  exposures  could  he 
provided . 

The  beam  characteristics  were  evaluated  prior  to  exposure  of  rhesus 
monkey  eyes.  These  data  are  surrwrized  in  Table  1. 

Table  1 


Summary  of  MAGLAD  Emission  Characteristics 

Pav  -  7.b  X  10“*  U 

t  -  U0  ns  PLIlft 

PRF  •  155ft  pps  (within  ona  shot) 

FRF  (AV)  •  200  pps  (lb  pulses/round,  12.5  rounda/sec) 


O  -  3. ft  X  llT*  J /pulse 

Ppe**  -  0.271  V 

Beam  diameter  •  3  cm 
Bean  divergence  ■  1  mr ad  circular 
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Rhesus  wakey  eye*  wr«  exposed  to  the  MAGLAD  laser  bee*.  Marker  bums 
were  pieced  with  the  erbiun  laser  to  facilitate  location  of  the 
subsequent  expoeuree. 

The  t >tal  Intraocular  energy  Iron  the  MAGLAD  was  United  by  tnc  acinala 
ocular  pupil  diawter  (7  as).  Ho  retinal  alteratlone  were  not*d  as  a 
result  of  30-sec  duration  ocular  exposure  to  the  MAGLAD  laser. 

The  S1MCAT  device  eaploys  a  pulsed  CaAs  laser  (905  na)  with  enlsslon 
characteristics  that  are  typical  of  the  entire  STKPIRE  fenlly.  The 
device  hav  twr  pulse  repetition  frequency  (PRF)  nodes  of  operation.  In 
the  Interrogation  node,  the  laser  salts  pulses  of  a  frequency  of 
240  ppe.  In  the  kill  node  the  laser  FRF  oscillates  between  280  pps  and 
359  ppe.  The  duration  of  each  node  la  controlled  by  Internal  logic 
circuits  which  access  the  target  via  radio  link. 

The  asdsaion  characteristics  were  wasured.  The  results  are  tabulated 
In  Table  2. 


Table  2 


enlsslon  Character? etlce 


MODE 

Pev 

PUP 

.  t(FWHM)  Q 

peek 

Interrogate 

108  nW 

235  Hs 

160  ns  460  aJ 

2.87  V 

Kill 

139  nW 

285/361(325  He,  avg) 

160  ns  428  nJ 

2.67  W 

The  bean  divergence  neasured  at  the  1/e  point  is  1.0  nrad  X  2.9  nr ad. 

Q  and  Ppeak  for  the  kill  node  are  averaged  over  the  two  frequency  ranges. 

?av  «  average  power;  PRP  •  pulse  repetltltlon  frequency;  t(PWHM)  •  pulse 
duration  neaaured  at  the  full  width  half  naxlnun  points;  Q  *  pulse 
energy;  and  *peak  ■  peak  pulse  power.  Rhesus  nonkey  eyes  were  exposed 
to  the  SIMCAT  laser  been. 

All  exposures  were  30-sec  duration.  In  the  first  sequence,  the  dose 
was  4.3  X  10“®J/pulse.  The  total  intraocular  energy  for  an  exposure  was 
420  pj.  Twenty-six  exposures  were  placed  In  two  eyes.  In  the  second 
sequence,  the  dose  was  1.7  X  10“' J/pulss.  The  total  Intraocular  energy 
was  1(80  pJ.  Thirty-six  exposures  were  placed  In  two  eyes.  There  was 
no  direct  evidence  of  retinal  alteration  either  by  fundoscopy  or  by 
direct  ophthalwlogy  one  hour  after  exposures  were  coexisted. 

A  MILES  H-16  engineering  developottnt  transmitter  was  evaluated.  This 
device  salts  a  coded  train  of  905  tm  pulses  fron  a  CaAs  laser,  he 
levels  of  pulses  are  enltwed:  a  kill  pulse  of  2.0  X  10*®  J/pulae  and  a 
near  wise  pulse  of  8.3  X  10“®  J/pulse.  The  average  PM  la  1636  Ms. 
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Rhesus  monkey  eyes  were  subjected  to  irradiation  frost  this  device  for 
exposure  durations  of  15-sec  and  30-sec.  The  15-sec  exposure  dose  vas 
1.92  mJ  cotal  Intraocular  energy.  Retinal  alteration  (clouding)  was 
observed  at  4  of  8  exposure  sites. 


The  30-sec  exposure  dose  was  3.B5  mJ  total  Intraocular  energy.  Retinal 
clouding  was  observed  at  ft  of  8  exposure  sites. 


CONCLUSIONS 


The  prototype  MILKS  CaAs  laser  device  la  capable  of  producing  retinal 
alterations.  These  alterations  are  not  like  the  lew Ions  typically  seen 
as  a  result  of  lsser  exposure.  Their  ncture  and  significance  Is  not 
yet  understood. 

The  procedures  of  TP  MKD  279  for  calculation  of  the  maximum  permissible 
exposure  to  laser  pulse  trains  does  not  accurately  model  existing 
damsge  threshold  data.  Recoemendatlons  for  modification  of  these 
procedures  will  be  formally  submitted. 

RKCOM4ENDATIONS 


Further  studies  are  needed  with  the  pulsed  CaAs  diode  to  determine  the 
nature  and  significance  of  the  retinal  alteration  observed.  The  ocular 
damage  threshold  should  be  determined  for  the  cw  CaAs  laser.  More  data 
are  required  on  the  ocular  hazard  of  pulse  trains  at  a  variety  of  pulse 
durations,  pulse  repetition  rates  and  wavelength.  Especially  essential 
arc  data  for  pulse  durations  of  1  to  10  usee.  Pulse  durations  in  this 
time  domain  appear  to  be  store  hazardous  than  either  longer  or  shorter 
pulse  durations. 

PUBLICATIONS 


None 


STUDY  NO.  3  Project  AM3 

PROBLEM 

The  Electronics  Command  (DARCCH)  Ft.  Monmouth,  N.J.,  Is  actively 
pursuing  the  application  of  a  laser  device  which  produces  simultaneous 
co linear  beams  of  1064  am  radiation  (ltd)  and  532  nm  radiation  (frequency 
doubled  Md).  The  application  requires  the  laser  output  to  consist  of 
Q-swltch  pulses  emitted  either  singly  or  at  sioderate  pulse  repetition 
frequencies  (less  than  100  Hz). 

The  employment  of  such  a  laser  device  poses  the  possibility  of  sub¬ 
jecting  personnel  to  laser  Irradiation  for  which  the  ocular  hazard  Is 
not  yet  known.  While  the  ocular  hazard  of  Q-switch  pulses  (ET)^  based 
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on  onhthalmoscopioal  lv  visible  damage  end  point)  has  been  evaluated  at 
1064  nn  and  532  nm  no  research  haa  been  performed  on  the  effect  of 
simultaneous  irradiation  by  both  wnvoleng.ths.  Further,  the  Amy  safety 
standards,  documented  In  AP  40-46  and  TB  ?B’D  ??o,  provide  no  puidance 
for  tbs  evaluation  of  the  hazard  of  dual  vavplrpeth  exposure. 

Differences  exist  in  the  interaction  of  these  wavelengths  with  ocular 
tissue.  The  focal  distances  do  not  coincide;  the  infrared  focus  is 
posterior  to  the  visible  focus.  The  1064  nn  radiation  is  more  strongly 
attenuated  in  the  media  anterior  to  the  retina,  hut  less  strongly 
absorbed  by  the  primary  absorption  site,  the  relanin  granules  of  the 
pigment  epithelium.  The  result  is  a  partial  axial  separation  of  the 
damage  loci  for  the  two  wavelengths.  The  mrrhanisr  for  production  of 
ophthalmoscopicallv  visible  retinal  damage  hv  o-switch  pulses  is  assumed 
i'  be  thermomechanical  in  nature.  It  is  difficult  to  predict  the  effect 
o'  two  axially  displaced  simultaneous  epicenters  on  the  total  energy 
required  to  produce  damage. 

Less  completely  understood  is  the  relative  interaction  with  the  retinal 
layers  anterior  to  the  pigment  epithelium.  Alterations  in  these  layers 
are  manifested  through  functional  chnnpes  in  visual  evoked  response 
(VFR) ,  clectroretinopran  (FRO),  and  visual  acuitv.  It  is  in  these 
interactions  which  may  he  photochemical  rather  than  thermal  in  nature, 
that  wavelength  differences  and  the  synergistic  effects  of  multiwave- 
lengt’n  irradiation  may  be  most  readilv  demonstrated.  Little  effort 
has  been  expended  on  the  functional  effects  of  sinrle  wavelength  o- 
switch  exposures.  ’Hiltivavelength  exposures  have  not  been  considered, 

DARCOM  has  requested  that  DNIR  conduct  an  experimental  program  to 
elucidate  the  ocular  hazard  of  the  two  wavelength  laser  operating  at 
10*4  nm  and  512  nr.. 

RESULTS  AND  DTSCVSSTOB  OF  RFH'I.TS 

Ocular  tissue  was  subjected  to  simultaneous  irradiation  at  1064  nm  and 
53?  nm.  A  continuously  excited  acoustooptic  o-avitched  neoqyrium-YAO 
laser  operating  in  the  Tf?'^  node  was  used.  An  intracavity  frequency 
doubler  provided  simultaneous  collnrar  emission  at  1064  nm  and  532  nn 
with  a  ratio  of  90T  infrared  and  10J  green. 

A  harmonic  beamsplitter  separated  the  laser  output  into  two  beams  of 
different  wavelengths  so  that  each  could  be  manipulated  and  attenuated 
independently,  Rlockinp  filters  guaranteed  the  purity  of  each  beam. 

The  beams  were  recombined  at  a  second  harmonic  beam  splitter. 

Photodiodes  with  appropriate  blocking  filters  detected  the  laser  pulses 
at  each  wavelength  for  display  on  an  oscilloscope  for  dosimetry.  Cali¬ 
bration  was  accomplished  by  reference  to  a  radiometer  at  the  eye 
exposure,  position.  A  goniometer  mount  provided  rotation  cf  the  animal 
about  the  pupil  of  the  eye  to  be  exposed,  which  assured  precise 


positioning  of  the  exposures  on  the  retina.  An  accurately  repositionablo 
mirror,  which  directed  the  beam  into  the  eye,  was  moved  to  permit  fundus 
camera  observation  of  the  retinal  exposure  sites. 


The  aniaals  used  in  these  experiments  were  rhesus  cv'nkcya  (Macaca 
nulatta)  weight  between  2  and  5  kg.  Anesthesia  was  Induced  with  sodium 
pentobarbital.  The  pupils  were  dilated  and  sutures  of  3-0  silk  were 
placed  in  the  upper  eyelid  to  facilitate  manipulation.  While  the  eyes 
were  open  during  the  experiment,  physiologic  saline  was  used  to  main¬ 
tain  good  corneal  transparency. 

"ne  animals  were  positioned  in  the  exposure  system,  and  the  fundus 
-iasiined  via  the  Zeiss  fundus  camera.  Any  abnormalities  were  noted, 
ihlrty-six  to  48  exposures  were  placed  in  a  aouare  array  utilizing 
**»,. rachreshold  marker  burns  to  locate  accurately  the  rows  and  columns 
fer  subsequent  examination. 

Detailed  ophthalmoscopic  examination  of  the  exponure  sites  was  conducted 
st  one  hour  postexposure.  The  criterion  for  damage  was  the  presence  of 
s  lesion  visible  via  this  examination. 

The  data  were  evaluated  by  problt  analysis  to  provide  an  EDjq  and 
confidence  limits.  Hie  EDjq  is  defined  as  the  dose  which  will  create 
a  lesion  in  50Z  of  the  exposures. 

Threshold  studies  were  performed  for  each  of  three  exposure  conditions. 
The  first  experiment  was  exposure  to  1064  nn  irradiation  only.  The 
second  experiment  was  exposure  to  532  nn  irradiation  only.  The  third 
experiment  was  simultaneous  exposure  to  1064  nn  irradiation  and  332  nm 
irradiation.  In  this  experiment  each  exposure  Included  1064  nm 
Irradiation  at  50X  of  the  doee  previously  determined  to  be  the  EDjq  for 
1064  nn  irradiation.  In  addition,  each  exposure  included  532  nm 
irradiation.  Ibe  532  nm  dose  was  varied  about  the  level  required  to 
produce  a  lesion  with  the  combine)  energies. 

All  experiments  utilized  a  beam  divergence  to  irradiate  a  minimal 
retinal  area.  The  results  are  shown  in  Table  1. 

Table  1 

Results  of  Threshold  Studies 


Vaveltngth  Pulse  Duration  EDj^ 


1064  nm  180  nsec  128  yj 

532  nn*  140  nsac  2.85  pJ 

532  nm*  140  nsec  2.23  pJ 


*  includes  60  microjoule  st  1064  nn  in  each  exposure 


Let  ED^0  (532)  •  threshold  done  at  532  nn  alone 

EDjq  (1064)  »  threshold  dose  at  1064  nn  alone 


Dose  (532),  dose  (1064)  •  doses  at  respective  wavelengths  which, 
when  applied  simultaneously,  produce  a  threshold  lesion 


Let  R 


Sk 321 

(532) 


Dose  ( 1064) 
KD50"(1064) 


Three  cases  are  possible: 

R  •  1  Unit  additivity 

This  condition  would  exist  if  both  wavelengths  Interact  with  ocular 
tissue  at  the  same  physical  site  and  via  the  sane  mechanism,  as  for 
example,  the  thermal  conversion  of  absorbed  energy  in  the  melanin 
granules  of  the  pigment  epithelium. 

R  <  1  Super  additivity 

This  condition  implies  a  sensitization  of  tissue  to  one  wavelength  as 
a  consequence  of  the  presence  of  the  other.  This  would  result  for 
example,  if  absorption  of  53?  nm  radiation  in  melanin  produced  an 
excited  state  which  strongly  absorbed  1064  nn  radiation. 

R  >  1  Sub-additivity 

This  condition  implies  non-cooperative  interaction  of  the  two  wave¬ 
lengths  with  ocular  tissue.  This  would  occur,  for  instance,  if  the 
retinal  absorption  sites  were  not  totally  overlapping  or  if  the  damaged 
mechanisms  were  dissimilar  and  non-interactlve. 

CONCLUSIONS 

Compute  R  for  the  data  of  this  experiment. 

2.85  128  **25 

R  >  1  therefore  sub-additive 


This  result  is  consistent  with  the  hypothesis  that  the  retinal 
absorption  sites  at  532  nm  and  1064  nn  are  different. 


RECOMMENDATIONS 

This  experiment  should  be  continued  with  different  mixtures  of  532  nm 
and  1064  nm  radiation,  and  with  other  wavelengths,  Histopathic 
examination  of  damage  sites  are  required  to  support  the  conclusions  so 
far  indicated. 
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STUDY  NO.  4 

PROBLEM 


Electrophyslological  evaluations  of 
retinal  functions 


The  retinal  appearance  following  laser  Irradiation  has  been  well- 
documented.  What  has  renal ned  difficult  to  ascertain,  however*  is  the 
affect  upon  vision  following  low  level  (below  the  threshold  for  an 
ophthalaoacoplcally  visible  lesion)  laaar  exposures  at  wavelengths 
currently  being  used  in  the  field.  Gallium  arsenide  (CaAs)  lasers 
which  oparata  at  830  nm  have  previously  teen  considered  "eye-safe" 
eye tens.  However,  recent  findings  of  this  laboratory  have  indicated 
a  subtle  change  in  the  appearance  of  tho  retina  following  exposure  to 
this  laaar. 

The  purpose  of  study  vss  to  evaluate  further  the  observed  changes  in 
the  electrophyslologlcal  characteristics  of  the  visual  system  following 
exposure  to  a  prototype  CaAs  diode  which  nay  be  Incorporated  into  the 
Project  HI  LEA  system. 
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RESULTS  AND  DISCUSSION  OF  REStH.TS 

The  Integrity  of  the  visual  system  can  be  Inferred  In  four  ways. 
Opthalmoacoplc  techniques  In  which  changes  are  seen  but  their  signifi¬ 
cance  Is  not  directly  apparent.  Behavioral  techniques  In  which  the 
animal  is  renulred  to  perform  certain  vision-related  tasks  generally 
will  not  allow  a  quick  response  to  the  question  of  whether  or  not  the 
animal  can  "see."  The  training  is  long  and  costly.  Elcctroretinogranhy 
(ERG)  in  which  the  Integrity  of  the  retina  as  a  whole  Is  evaluated  is 
a  good  quick  technique.  However,  the  plethora  of  retinal  elements 
unaffected  by  the  laser  exposure  tends  to  mask  the  effects  of  a  small 
sited  retinal  change.  The  evoked  occipital  potential  (EOF),  which  has 
not  been  widely  used  to  determine  retinal  dysfunction,  may  yield  clues 
as  to  changes  In  the  visual  system  following  retinal  exposures. 

In  the  present  study,  one  animal  prc-ancsthesixed  with  Ketamine  and 
maintained  under  pancuronlum-Rr,  was  presented  with  a  large  image  of  a 
grating.  The  grating  was  Inserted  into  the  optics  of  a  7. less  Fundus 
camera  and  projected  onto  the  retina  of  the  dilated  eye.  In  the  first 
run,  E0Ps  vere  recorded  from  each  occipital  lobe  when  alternately,  the 
left,  right,  left  and  right  eyes  were  stimulated.  An  exposure  to  the 
right  eye  of  7. A  X  lO  '-'J  of  total  intraocular  energy  (TIE)  for  a  1*  msec 
argon  laser  pulse  ($14.5  nm)  was  made  and  several  thousand  evoked 
potentials  were  then  obtained.  The  averaged  (T>64)  potentials  showed 
no  iMMdiate  change  from  its  pre-exposure  amplitudes  or  latencies. 
Changes  in  the  shape  of  the  EOP  were  observed  15  to  20  nin  after 
exposure  in  the  contralateral  cortex.  None  were  seen  lpsllaterally, 
nor  were  any  retinal  changes  observed  during  this  period.  The  chanres 
persisted  until  the  end  of  the  run  (2  h) . 

Examination  of  the  right  eye  one  week  later  showed  a  small  (500ji) 
irregular  lesion  superior  and  nasal  to  the  fovea  in  the  macula. 

Following  the  same  format  as  above,  the  left  eye  was  then  exposed  to 
GaAa  radiation  for  60  sec.  Average  intraocular  power  was  260  mW  with 
pulse  repetition  rate  of  1600  u*.  As  before,  waveform  changes  were 
seen  after  approximately  20  min  after  exposure,  however,  this  tire 
they  occurred  bilaterally,  Fxaminatlon  shoved  no  visible  retinal 
changes.  A  follow-up  evaluation  tvn  weeks  later  showed  that  the  EOP 
had  returned  to  normal . 

In  order  to  determine  whether  the  observed  changes  were  due  in  fact  to 
laser  irradiation  or  to  retinal  or  central  nervous  system  changes 
occurring  over  time,  a  second  animal  was  placed  into  the  system  and 
sham-exposed .  No  changes  in  the  E0P  were  seen  over  a  2-h  period. 

A  second  experiment  in  this  series  was  designed  to  determine  the  effects 
of  multiple  pulses  delivered  for  varying  periods  of  time.  A  naive 
animal  was  tranqullized  and  its  pupils  dilated.  Pancuronium-Br  was 
administered  and  pre-exposure  grating  EOPa  were  obtained.  The  right  aye 
was  then  irradiated  with  the  same  diode  as  In  the  previous  experiment. 
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Exposure  durations  of  in,  30,  60,  120  and  300  sec  were  used  with  15  min 
between  exposures.  The  results  showed  definite  bilateral  changes  in 
the  EOP  almost  Immediately  following  the  300  sec  exposure.  No  retinal 
changes  were  observed. 

The  meaning  and  Implications  of  the  observed  changes  in  terms  of  the 
visual  system  are  difficult  to  determine  at  this  tine.  The  appearance 
of  waveform  alterations  in  the  contralateral  cortex,  together  with 
bilateral  changes  during  the  second  run,  indicates  that  we  have  a 
possible  extremely  sensitive  tool  to  Investigate  susnected  retinal 
dysfunction  due  to  laser  irradiation. 

CONCLUSIONS 

An  apparently  sensitive, relatively  easy  technique  can  be  used  to 
determine  changes  in  a  small  retinal  area  induced  by  laser  radiation. 

RECOMMENDATIONS 


After  thresholds  have  been  obtained  for  aome  visible,  and  near  IE  EOP 
changes,  we  will  be  able  to  evaluate  quichly  functional  disturbances 
of  the  visual  system.  Correlative  studies,  utilising  animal  behavior, 
ERG,  and  EOP  should  be  conducted  so  that  a  more  direct  relationship 
esn  be  estsblished  between  EOP  waveform  changes  and  actual  vision 
changes. 

PUBLICATIONS 


None 


STUDY  NO.  5  Electrophyslological  evaluations  of 

retinal  functions 

PROBLEM 

In  support  of  Project  AR13,  data  on  the  biological  effects  of  neodymium 
(1160  n«) ,  frequenev  doubled  neodymium  (530  nn),  and  combinations  of 
these  laser  outputs  ere  required  to  determine  what  protective  devices 
will  he  neceasary  for  air  crew  and  ground  crew  operations.  Tne 
characteristics  of  each  laser  wavelength  and  their  differential 
biological  effects  upon  retinal  tissue  are  known.  The  combination  of 
the  two  wavelengths  lias  not  been  studied  un  to  this  tine. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Data  have  been  collected  from  the  first  frequency  doubled  neodyniun 
laser-exposed  animal.  An  oscillating  grating  within  the  optical  path 
of  a  Zeiss  fundus  camera  was  used  to  elicit  evoked  oeelpital  potentials 
(EOPe)  from  a  rhesus  monkey.  The  animal  was  rendered  imobile  with 
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pancuronium- Br,  the  pupil  of  the  left  eye  was  dilated  and  the  upper 
lid  was  retracted.  A  aerlea  of  EOPs  vaa  obtained  at  a  rate  of  one  per 
aec  and  placed  on  analogue  tape  before  and  after  exposure  of  the 
animal's  retina  to  a  single  pulse  530  nn  frequency  doubled  neodymium 
laser  radiation.  The  pulse  had  a  duration  of  1.40  X  10**'  seconds  at 
1  X  10"*  J/c m  .  Croups  of  8  occipital  potentials  Immediately  before 
and  after  exposure  were  signal  averaged.  A  decrease  In  the  amplitude 
and  distortion  of  the  shape  of  the  waveform  resulted  and  continued  for 
approximately  32  sec.  The  waveform  regained  Its  former  amplitude  and 
shape  within  40  sec. 

These  Initial  results  are  consistent  with  results  of  other  Investigators 
of  flashblindness  phenomena  who  utilise  a  flash  stimulus  to  produce 
electroretlnograms.  In  the  present  study ,  the  use  of  evoked  cortical 
potentials  to  trace  the  decay  and  recovery  of  visual  function  is  unique. 
The  major  problem  of  this  technique  Is  the  usually  low  amplitude  of  the 
evoked  response  which  necessitates  signal  averaging  procedures.  The 
procedure  of  signal  averaging  limits  the  perception  of  quick  recovery 
phenomena.  This  has  been  obviated  in  the  present  study  by  the  use  of 
only  8  responses,  averaged,  to  yield  relatively  stable  and  consistent 
EOPs. 

A  technique  has  recently  been  devised  In  which  the  evoked  occipital 
potential  can  be  obtained  from  stimulation  of  the  retina  with  law 
level  argon  (S14.S  nm)  laser  radiation.  The  spot  site  on  the  retina 
is  approximately  30  to  75  urn.  By  signal  averaging  the  EOPs,  a  series 
of  evoked  potentials  both  ipsllateral  and  contralateral  have  been 
obtained  for  various  small  retinal  areas.  When  perfects! ,  this 
technique  could  become  valuable  as  a  tool  In  assessing  j;he  viability 
of  various  retinal  areas  following  laser  exposures. 

CONCLUSIONS 

Evoked  occipital  potentials  can  be  used  to  determine  the  short-term 
effects  of  frequency  doubled  neodymium  upon  visual  function  measured 
electrophyslologlcally. 

RECOMMENDATIONS 

Of  primary  Importance  Is  the  evaluation  of  single  pulses,  multiple 
succtselve  pulses,  and  combinations  of  pulses  at  1060  and  530  nm.  In 
addition,  other  wavelengths  must  be  examined  both  alone  and  in  combina¬ 
tion  to  determine  the  additivity  or  non-additivity  of  laser  retinal 
expoaures. 
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23.  (U)  The  objectives  are  to  determine  the  effects  on  vision  of  repetitive  low  level  la¬ 
ser  radiation  at  and  below  "aafe"  exposure  levels  and  to  provide  these  aata  to  USAEHA, 
the  DARCOM  developer  and  the  Army  user  for  their  guidance  in  the  safe  use  of  lasers. 

24.  (U)  Behavioral  and  neurophysiological  techniques,  adapted  for  rhesus,  sre  u»ed  for 
visucl  testing.  Temporary  and/or  permanent  effects  correlated  vith  morphological  changes 
n<>*t  realistically  represent  the  actual  hazards  of  laser  radiation.  These  measures  pro¬ 
vide  the  data  base  for  safety  standards  .revision. 

25.  (U)(7710  7809).  Behavioral  and  neurophysiological  techniques  have  been  used  to  demon- 
5trat*  that  1)  no  physiological  effects  can  be  demonstrated  in  the  trained  rhesus  monkey 
after  several  thousand  10  second  CO.  laser  exposures  to  the  skin  and  cornea  of  the  rhe¬ 
sus  monkey  for  lrradiances  of  up  to  200  mu/cm  ,  2)  repeated  exposures  of  rhesus  monkeys 
to  low  icvel  argon,  radiation  has  shown  visual  acuity  and  spectral  sensitivity  to  be  im¬ 
paired  at  levels  more  than  100  times  below  the  "safe”  levels  for  viewing  a  diffuse,  ex¬ 
tended  source  3)  Changes  in  the  amplitude  and  latency  of  components  of  the  evoked  occi- 
Jpital  potential  have  been  observed  following  a  low  level  gallium  arsenide  laser  diode 
exposure  to  the  rhesus  retina;  4)  Further  measures  utilizing  extracellular  recording  tech- 
niques  indicate  changes  in  the  receptive  fields  and  spectral  sensitivity  at  levels  below 

t  ose  of  gross  burn  criteria;  5)  Direct  comparison  of  coherent  and  incoherent  sources  in- 
dicate  that  coherent  light  is  more  effective  in  altering  visual  mechanisms  than  incoher¬ 
ent  light. 
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ABSTRACT 

PROJECT  NO.  3E162772A813  Health  Effects  of  Military  Lasers 

WORK  UNIT  NO.  025  Biological  Investigations  in 

Prediction  and  Protection  against 
Coherent  Radiation 

The  fol loving  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Effects  of  laser  irradiation  on  visual  function 

Low  level  laser  exposure  in  non-human  primates  (rhesus)  produced 
changes  in  visual  function  1000  times  below  extended  source  permissible 
exposure  criteria.  These  behavioral  effects  have  been  followed  over 
30  months  with  evidence  of  slow  decline  in  remaining  central  vision. 

Two  rhesus  monkeys  have  so  far  been  used  in  this  study.  Parallel 
electrophysiological  investigations  in  other  rhesus  monkeys  showed 
similar  results  at  higher  retinal  irradlance  levels  but  still  below 
minimal  permissible  exposure  criteria.  In  vertebrate  subjects, 
electrophysiological  experiments  were  done  which  indicate  that 
coherency  and  associated  physical  phenomena  are  involved  in  producing 
low  level  laser  light  effects.  More  refined  behavioral  and  neuro¬ 
physiological  assessment  techniques  have  been  developed  this  year  to 
resolve  the  nature  of  the  damage  mechanisms  involved.  Collaboration 
on  relevance  of  these  findings  to  laser  safety,  as  well  as  some  work  in 
developing  sure  suitable  visual  assessment  criteria  for  humans  is  in 
progress. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  025 


STUDY  NO.  1 


Biolop, leal  Investigations  in 
Prediction  and  Protection  Against 
Coherent  Radiation 

Effects  of  Laser  Irradiation  on 
Visual  Function 


PROBLEM 

Changes  in  non-human  primate  vision  produced  by  levels  of  laser  irradi¬ 
ation  at  or  below  present  permissible  exposure  limits  must  be  evaluated. 
Present  standards  are  based  primarily  on  "gross"  morphological  criteria. 
Criteria  that  involve  loss  in  process  of  "seeing"  have  not  been  ex¬ 
tensively  utilised.  Animal  research  performed  in  this  work  unit  will 
provide  such  information  which  in  turn  will  be  utilised  to  reevaluate 
present  laser  safety  standards. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Low  Level,  Long-term  Follow-up  fteasurenents 

Long-term  follow-up  measurements  for  more  than  two  years  post¬ 
exposure  to  coherent  low  level  irradiation  (514  nn)  showed  progressive 
change  in  spectral  sensitivity  long  after  irradiation  ceased.  Two 
rhesus  monkeys  were  exposed  to  2.1  log  trolands  for  2  h  sessions  for  a 
total  cumulative  dose  of  38  h.  Retinal  irradiation  was  0.2  uV/cm  . 
Post-exposure  changes  during  the  first  6  mo  revealed  loss  in  sensitivity 
at  the  finest  Landolt  acuity  criterion  in  the  Intermediate  spectral 
region.  Rod  intrusion  was  evident  at  lower  but  still  photoplc  acuity 
criteria.  Extended  measurements  made  out  to  2  yr  post-exposure  showed 
considerable  change  in  spectral  sensitivity  occuring.  long  after 
cessation  of  exposure.  Periods  of  "waxing"  and  "waning"  in  sensitivity, 
progressive  decline  in  sensitivity  beginning  at  the  finest  acuity 
criteria,  and  continued  evidence  of  rod  intrusion  as  cone  sensitivity 
declined  were  observed  on  both  animals. 

Electroretinographic  (EP.C)  spectral  sensitivity  measurements  made 
for  single  2  h  exposures  at  slightly  higher  levels  of  514  nn  coherent 
light  showed  comparable  effects.  Loss  in  photoplc  sensitivity  and  rod 
Intrusion  were  obtained  more  than  one  year  post-exposure.  Corresponding 
electrophysiological  studies  in  vertebrates  in  which  coherent  and 
incoherent  exposure  were  equated  suggest  that  the  coherency  of  the  laaer 
source  is  a  critical  factor  in  producing  these  low  level  light  effects. 

Coherency  Effects  (Pseudemys) 

In  pseudemys,  the  affects  of  prolonged  monochromatic  coherent  and 
incoherent  light  were  compared  on  the  adaptation  of  the  long  wave¬ 
length  recaptor  eyatem  of  pseudemya.  Measurements  of  ERG  spectral 
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sensitivity  were  Made  by  using  a  lock-in  amplifier.  Coherent  and 
Incoherent  backgrounds  of  620  nm  were  equated  In  quantal  flux  and 
spatial  extent.  Bandwidths  for  coherent  lipht  were  less  than  0.05  nn 
compared  to  10  nm  bandwidths  of  incoherent  light.  Coherent  light  waa 
more  effective. Jn  reducing  spectral  sensitivity  than  incoherent  light 
from  10  to  10A  quanta/sec.  Permanent  |£fects  o£  coherent  light  on 
spectral  sensitivity  were  obtained  at  10AJ  to  101*  quanta/sec  for 
exposures  of  an  hour  or  more.  Such  effects  were  manifested  under 
conditions  of  chrosiatlc  adaptation  by  a  gradual  reduction  in  the 
short  wavelength  sensitivity  and  a  shift  in  the  peak  of  the  chroma¬ 
tically  adapted  sensitivity  function  from  4^  to  560  nm.  Similar 
exposure  to  incoherent  backgrounds  up  to  101  quanta/sec  produced  a 
peak  in  the  short  wavelengths  that  was  not  altered  with  prolonged 
exposure.  Alteration  of  spatial  coherency  attenuated  the  coherent 
effect  which  suggest  that  retinal  processes  may  be  specially  sensitive 
to  coherent  light  input. 

Receptor  Field  Low  Level  Exposure  Effects 

Ve  have  investigated  the  effects  of  low-level  exposures  to  long 
wavelength  coherent  light  (633  nm)  on  single  optic  tectal  cells  in 
pseudemys.  Significant  changes  in  receptive  field  slxe  and  spectral 
sensitivities  were  ohtalned  following  both  brief  and  prolonged 
exposures.  Transient  expansion  and  permanent  constriction  of  receptive 
field  slxe,  changes  in  response  pattern  and  responsivenesa,  and 
reduction  in  spectral  sensitivity  in  the  long  and  short  wavelengths 
were  characteristic  over  an  extended  range  of  retinal  lrradlanceu. 
Delayed  losses  in  sensitivity  and  receptive  field  slxe  were  frequently 
obtained  but  were  more  characteristic  at  low  exposure  levels  for 
exposure  durations  of  an  hour  or  more.  When  633  nm  coherent  light  was 
time-averaged  to  reduce  the  coherent  speckle  pattern,  the  effects 
obtained  were  greatly  attenuated.  These  data  are  consistent  with  our 
ERG  experiments  in  which  coherent  and  Incoherent  light  were  found  to 
have  dissimilar  effects  on  spectral  sensitivity. 

Low  Level  20  nsec  Transient  Effects  in  Rhesua 

These  experiments  Involve  measurement  of  threshold  Landolt  ring 
contrast  for  various  gap  sixes  (spatial  frequency).  Isssedlately 
transient  changes  in  contrast  threshold  for  fine  gaps  have  been 
obtained  at  energy  levels  less  than  50  pico joules.  These  prelisdnary 
effects  will  be  further  evaluated  for  coarse  gap  sixes  so  that  effects 
can  be  assessed  for  both  very  fine  and  coarser  spatial  frequencies. 

The  behavioral  technique  being  used  allows  for  assessment  of  both 
stationary  and  moving  Landolt  ring  targets.  Investigation  of  transient 
effects  for  moving  as  well  as  stationary  targets  are  planned. 

CONCLUSIONS 

Evidence  for  the  possibilities  of  low  level  permanent  effects  on  vision 
has  been  obtained.  Permanency  of  these  effects  is  evident  across 
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various  tasts  and  animal  spade  a.  Data  strongly  suggest  that  coherency 
or  physical  phenomena  associated  with  coherency  are  responsible  for  the 
sensitivity  of  retinal  processes  to  laser  light. 

The  results  of  these  experiments  need  to  be  carefully  considered  in 
defining  ocular  risks  associated  with  possible  prolonged  exposure  to 
various  low  level  military  laser  systems.  Supplementary  experiments 
will  further  clarify  the  Impact  of  these  data  on  present  or  future 

laser  systems. 

REOWfENDATIONS 


Follow-up  of  low  level  animals  should  continue  until  evidence  of  visual 
stabilisation  is  obtained.  Further  funduscoplc  evaluation  of  such 
animals  will  be  made  at  this  tine. 

Two  animals  will  be  exposed  simultaneously  to  comparable  levels  of 
coherent  and  Incoherent  irradiation  and  sacrificed  at  various  tines 
post-exposure  to  obtain  morphological  correlates.  Detailed  analysis 
of  coherency  and  speckle  pattern  at  retinal  surface  will  be  made  with 
Fourier  techniques  to  determine  those  physical  characteristics  of 
laser  light  which  cause  disorientation  of  visual  processes. 

Other  beliavior.il  and  electrophyaiological  techniques  will  be  used  to 
aaseas  peripheral  as  well  as  central  visual  function  (dynanic  visual 
acuity  criteria)  and  new  animals  will  be  exposed. 

Visual  test  concepts  will  be  integrated  into  visual  surveillance  test 
battery  to  aid  in  annual  evaluation  of  visual  function  of  laser 
personnel. 

Data  obtained  in  these  experiments  should  be  used  in  establishing 
permissible  exposure  criteria  for  prolonged  low  level  viewing 
situations. 

New  concepts  in  optical  protection  for  low  level  laser  hasards  must  be 
explored.  A  laser  dosimeter  (badge),  which  would  Indicate  amount  of 
cumulative  dally  exposure  to  various  levels  and  wavelength^  is  highly 
recoemanded  for  wear  by  those  who  are  in  the  area. 

PUBLICATIONS 

1.  ZVICK,  H.  and  D.  JENKINS.  Effects  of  coherent  light  on  retinal 
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2.  ZVICK,  H.,  E.  S.  BEATRICE,  and  T.  GARCIA  Effects  of  prolonged 
exposure  to  low  level  coherent  light  (514  net).  (Abstract)  Invest 
Ophthal  (Suppl)  April  1978  p  172. 
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(f)  CPD-Adenlne:  (U)  Blood  Storage;  (U)  ATP;  O’)  Cldcose 
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23.  (U)  Clucose  levels  of  161.1  «M  in  citrate  phosphate  dextrose  (CPD)  adenine  (Ad) 
will  not  maintain  adenosine  triphosphate  (ATP)  at  lltvels  greater  than  2,0  uM/gHb  (or 
505  of  the  starting  value)  in  HCT"85  packed  erythrocytes  (RPC)  for  35  days  of  storage 
at  4  C.  By  Increasing  the  glucose  to  226  taM  in  CPD  Ad,  ATP  vss  maintained  at  greater 
than  2.0  uM/glib  for  5  weeks.  It  is  important  to  determine  if  a  smaller  concentration 
of  glucose,  l,o.#  194  set  (1.5X  standard  CPD)  or  less  In  CPD,  supplemented  with  2.03  tdl 
Ad  will  have  sufficient  glucose  for  aalnrenance  of  ATP  at  greater  than  2.0  uM/gHb  after 
35  days  of  storage.  This  work  is  inportant  to  the  Army’s  continuing  effort  to  extend 
the  shelf  life  of  stored  RBC, 


2*.  (t!)  The  levels  of  glucose,  ATP,  2,3-dlphosphoglycerate  (DPG)  and  pll  will  be 

determined  ir.  blood  stored  in  the  CPD  with  various  quantities  of  adenine  and  glucose. 

25.  (V;  77  10  -  78  09.  Five  anticoagulants  with  Increased  concentrations  of  adenine 

and/or  glucose  vers  evaluated  in  vitro  at  liCT’s  40,  70,  and  85.  Although  investigations 
arc  not  complete,  one  of  these  anticoagulants  (A2)  produced  acceptable  maintenance  of 
glucose,  ATP,  DPG,  and  pH  in  packed  cells  stored  at  HCT-85  for  35  or  42  days.  All 
anticoagulants  except  A1  were  adequate  at  11070;  all  performed  well  with  whole  blood, 
"urther  ir  vitro  optimization  of  adenine  and  glucose  in  CPD-adenJne  will  be  carried 
n-it  under  a  new  work  unit. 


320 


DD  1498 


«**C  'AM  •  •  MAA  |l  t*Om  MMV  4*4 f*  AAC 


9(N#»  UNA  I  Mf  44 


,  ......  ..... . . . . . 


ARSTRACT 

PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  001  In  Vitro  Metabolism  of  RBCs  Stored 

in  CPD  with  Increased  Glucose  and 
Increaaed  Adenine 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  In  vitro  metabolism  of  packed  erythrocytes  stored 
in  various  glucose  concentrations  in  CPD^adenine 

CPD-Al  anticoagulant  (161  nM  glucose  and  2.03  mM  adenine)  was  li¬ 
censed  for  national  use  by  the  F094  and  Drug  Administration  in  June;  . 
197b,  This  anticoagulant  allows  for  wholt  blood  or  packed  cell 
storage  of  up  to  35  days,  however,,  the  viability  of  the  packed  cell 
units  at  35  days  is  marginal,  with  302  falling  below  the  702  minimum 
survivability  standard.  To  improve  the  storage  characteristics  of 
packed  cells,  modified  formulations  of  CPD-adenlne  are  being 
evaluated  in  conjunction  with  the  blood  bag  manufacturers  and  one 
of  the  IIRDC  blood  contractors.  In  vitro, analysis  of  red  cells 
stored  as  whole  blood  (Hct*40)  or  as  packed  cells  (Hct*?0  or  85) 
are  in  progress.  Preliminary  analysis  indicates  that  at  Hct-40  all 
modified  formulations  are  adequate,  however,  at  Hct*70,  Al  is 
marginal  and  the  rest  adequate.  At  the  lict-85  .level  (which  is 
frequently  found  in  blood  banks)  Al, .AS,  and  A6  are  Inadequate, 
while  A2  and  A3  appear  efficacious. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  001  Tn  Vitro  Metaboliss  of  RBCs  Stored 

in  CPD  with  Increased  Glucose  and 
Increased  Adenine 

STUDY  NO.  I  In  vitro  netabollSB  of  packed 

ervthrocytes  stored  at  various 
glicose  concentration*  in  CPD- 
adenine 

PROBLEM 

Citrate-phosphate- dextrose  (CPD)  has  been  established  ar>  a  useful 
anticoagulant  for  liquid  blood  storage  up  to  21  days,  and,  with 
adenine  supplementation,  c?D-adenine  will  permit  storage  of  red 
blood  ceils  for  35  days.  European  formulas  for  CPD-adenlne  have 
contained  4.u6  rM  adenine  (0.50  oH  in  blond).  Since  adenine  may 
cauae  renal  toxicity,  it  ie  deairable  to  develop  a  formula  for  CPD 
which  would  contain  the  least  possible  amount  of  adenine  that  will 
etill  maintain  blood  storage  in  the  liquid  state  for  35  days.  Studies 
of  packed  ceila  stored  in  CPD-adenlne  have  Indicated  that  glucose  In 
excess  of  that  in  standard  CPD  129  mM  or  IX  may  be  ncceaeary  for 
adequate  maintenance  of  erythrocyte  ATP  (>2  um/gm  Hb)  through  35  days 
of  storage.  Titus,  a  systematic  search  for  the  optimal  glucose  ±nd 
adenine  content  of  CPD  preservative  is  necessary. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Survival  studies  of  CPD-Al  (1.25X  glucose  and  2.03  as<M  of  adenine) 
indicate  marginal  survivals  for  packed  cells  on  Day  35,  with  30Z 
below  the  mean  of  70Z  survivability.  Modified  CPD-adenlne 
formulations  have  been  made  up  and  tested  in  vitro  as  follows: 

[Adenine]  Hct  Tested 
'2.03  mM  70  and  85 

4.06  nM  -'*0,  70,  and  85 

4.06  mM  40,  70,  and  85 

2.03  mM  85 

3.05  mM  85 

At  hematocrits  of  40  or  70,  A2  and  A3  arc  in  excess  of  the  required 
glucose  end  adenine  needs  of  the  red  cells  during  42  days  of  4  C 
storage.  Experiments  are  now  in  progress  to  evaluate  all  5 
anticoagulants  at  Hct"85,  which  has  been  proposed  es  the  upper 
limit  of  pecking  for  red  cell  concentrates.  In  vitro  revaluation  of 
the  platelets  from  these  units  were  done  under  Work  Unit  No.  042, 

"Red  cell"  peremeters  measured  include  ATP,  2,3-DPG,  pH,  plasms 
hemoglobin,  and  blood  glucose. 


Anticoagulant 
Al 
A 2 
A3 
A5 
A6 


161  mM  (1.25X) 
276  mM  (1.75X) 
258  mil  (2. OX) 
194  stt  (1.5X) 
194  mM  (1.5X) 
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CONCLUSIONS 

In  order  to  maintain  adequate  red  cell  ATP  levels  (£502  of  initial 
ATP,  T#  ATP)  for  35  or  42  days  of  packed  cell  storage  (Hct-70), 
glucose  and  adenine  concentrations  need  to  be  increased  from  that 
used  in  CPl^Al.  At  Hct*70  the  anticoagulants  A2  and  A3  appear  to 
be  in  excess,  while  AS  and  A6  are  adequate.  When  the  system  is 
stressed  by  packing  the  cells  to  Het*85,  the  A5,  A6  systems  were 
not  adequate.  At  this  Hct  the  A2  and  A3  systems  were  effective  in 
ATP  maintenance,  with  the  A2  system  showing  the  best  results: 

641  of  the  T»  ATP  on  Day  42  of  storage. 

RECOMMENDATIONS 

1.  The  effort  to  Improve  CPD-Al  should  continue  with  the  goal 
of  effecting  42-day  storage  of  packed  red  cells  at  a  prescribed 
upper  Hct,  so  that  adequate  ATP  levels  are  maintained  to  assure 
acceptable  in  vivo  survivability. 

2.  Optimisation  of  CPD-adenln«  for  42-day  storage  should  be 
continued  in  a  new  work  unit  designed  to  Integrate  the  Any  liquid 
blood  preservation  RuD  effort  into  a  cost-effective  targeted  program* 

PUBLICATIONS 
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PROJECT  NO.  3S762772A814  Military  Trauma  and  Raauacitation 

WORK  UNIT  NO.  003  Praacrvation  of  2,3-DPG  in  Rad  Calls 

Subjected  to  Extended  Liquid  Storage 

Tha  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  2  Stabilisation  of  ascorbic  acid  as  a  rad  cell 
preservative 

STUDY  NO.  5  Tha  stabilisation  of  dihydroxyacetone  (DHA)  for  use 
in  maintaining  red  cell  2,3-DPC  during  liquid 
storage 

Currently  available  techniques  for  the  liquid  preservation  of  rad  calls 
do  not  Maintain  the  red  cell  2,3  dipkosphoglycerate  (2,3-DPG)  concen¬ 
tration  sufficiently  so  that  it  can  Modulate  hemoglobin  to  release 
oxygen  apt family.  This  defect  of  stored  rad  calls  may  be  a  critical 
factor  in  nencrrhagic  shock,  and  thus,  in  resuscltstion  of  the 
massively  wounded  soldier. 

STUDY  NO.  2  Solutions  of  ascorbate-2-phosphate  (AsP)  at  a  concentra¬ 
tion  of  hi  mM  were  stable  for  6  Months  in  the  presence  of  CPD, 
glucose,  adenine,  and  saline.  AsP  at  this  concentration,  but  not 
in  more  dilute  solutions,  was  also  stable  to  autoclaving.  AsP  was 
evaluated  as  part  of  a  packed  call  preservative  solution  and  was 
effective  in  2,3-DPG  maintenance. 

STUDY  NO.  5  The  solution  stability  of  DHA  at  25  C  was  extended  to 
20  months,  and  proved  to  be  stable  in  HjO,  saline,  adenine,  glucose, 
and  low  phosphate  solutions.  It  was  unstable  in  CPD,  citrate,  AsP,  or 
higu  phosphate  (160  mH)  solutions.  DHA  was  unstable  in  solutions  of 
HjO  or  saline  if  stored  at  50  C  for  longer  than  2  months,  but  was 
stable  to  autoclaving  at  121  C  for  20  minutes.  Optimising  of  tha  DHA 
oncentratioa  was  eons  by  a  combination  of  experimentally  tasting 
several  concentrations  in  whole  blood,  and  the  use  of  computer 
analysed  mathematical  optimization  techniques. 
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23.  (U)  Although  the  significance  at  the  tissue  level  of  a  left-shifted  oxygen  dissocia¬ 
tion  curve  exhibited  by  2,3  dlphosphoglycerate  (DPC3  deficient  red  cells  is  not  com- 

clear,  it  is  highly  probable  that  superior  red  cell  function  would  improve  organ 
function  in  the  massively  transfused,  acutely  wounded  soldier.  Currently  used  red  cell 
atorage  anticoagulant-preservative  solution*  (APS)  do  not  permit  the  red  cell  to  main¬ 
tain  DPC  concentrations.  Mormal  oxygen  off-loading  characteristics  of  hemoglobin  are 
dependent,  at  least  in  pert,  on  the  allosteric  regulation  of  DPC  within  the  red  cell. 

•indies  will  develop  end  evaluate  both  additive  and  storage  systems  which  will 
enable  red  cells  to  better  maintain  DPC  during  liquid  storage,  without  impairing  other 
glycolytic  intermediates  such  as  adenosine  triphosphate. 

24.  (U)  Most  APS  additives  which  currently  appear  to  hold  pronise  for  improving  red  cell 
DPC  during  storage  ere  unstable  in  the  anticoagulant  nix.  Among  these  ere  dlhydroxyace- 
tone  (DMA),  ascorbic  acid,  and  bicarbonate.  Stable  foms  or  systers  employing  these 
substances  will  be  developed  and  tested.  The  stable  forms  cust  be  Inert  tc  the  plastic 
blood  container,  freely  convertible  to  the  active  form  upon  contact  with  whole  blood, 
and  nontoxic  both  to  the  blood  in  storage  end  the  recipient  on  infusion. 

25.  (U)  77  10  -7g  09.  Asccrbeta  phosphate  is  stable  In  CPD  or  Optional  Additive 
Systems  (QAS).  DMA  la  stable  in  0A5  solutions  end  both  are  stable  to  autoclaving  at 
high  concentrations.  Both  ere  effective  in  whole  blood  or  packed  cells  to  maintain 
2,3-DPC  levels  during  storage.  This  work  will  continue  under  «  new  work  unit. 
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WORK  UNIT  NO.  003  Preservation  of  2 , 3-DPC  in  Rad  Cells 

Subjected  to  Extended  Liquid  Storage 

STUDY  NO.  2  Stabilisation  of  ascorbic  acid  as  a 

red  cell  preservative 

PROBLEM 

After  14  days  of  liquid  storage  as  whole  blood  or  red  cell  concen¬ 
trates,  red  cell  2, 3-DPC  is  not  maintained  at  levels  permitting 
normal  oxygen  transfer  to  tissues.  Preliminary  data  suggest  that 
decreased  oxygen  transfer  may  be  particularly  deleterious  to 
soldiers  requiring  massive  transfusions  to  correct  hemorrhagic 
shock.  Recently,  it  has  been  found  that  ascorbic  acid,  especially 
in  combination  with  dihydroxyacetone  (DHA)  will  maintain  2, 3-DPC 
levels  above  50X  during  extended  liquid  storage  (35  days).  However, 
ascorbate,  either  as  the  acid  or  as  the  sodium  salt,  is  not  stable 
in  solution  and  decomposes  rspidly  when  exposed  to  the  autoclaving 
necessary  to  sterilize  blood  bags.  It  is  laportsnt,  therefore,  to 
develop  ways  of  stabilizing  this  compound.  The  stability  and 
efficacy  of  derivatives  of  ascorbic  acid  such  as  ascorbate-2-phosphste 
(AsP)  will  be  evaluated. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Solutions  of  42  mM  AsP  were  stored  in  plastic  transfer  packs  st 
25  C  for  7  months  in  the  presence  of  CPD,  saline,  glucose,  or 
glucose  and  adenine.  Sodium  ascorbate  (NaAs)  in  saline  served  as 
the  control.  The  contents  of  each  bag  was  assayed  st  30-  or  60-day 
intervals  for  ascorbate  phosphate,  pH,  and  checked  for  chemical 
changes  by  ultraviolet  spectroscopy  and  thin  layer  chroc-itography. 

AsP  appeared  stable  through  7  months  (experiment  still  in  progress) 
in  all  of  the  above  solutions,  but  the  control  sodium  ascorbate  was 
50X  decomposed  after  one  month  end  90X  decomposed  after  4  months. 

The  stability  of  AsP  to  autoclaving  was  concentration  dependent. 

41  mM  AsP  and  NaAs  were  both  stable  to  autoclaving,  but  1:10 
dilutions  of  each  were  only  84  and  68X  stable,  respectively. 

A  1:100  dilution  of  each  compound  gave  60  and  0Z  stabilities, 
respectively. 

** 

AsP  was  added  to  packed  cells  for  42  days  of  4  C  storage.  Final 
blood  concentrations  of  3.5  to  5.0  mH  resulted  in  maintenance  of 
red  cell  2, 3-DPC  to  near  fresh  blood  levels  for  6  weeks  of  storage. 
These  studies  are  reported  in  more  detail  as  optional  additive 
studies  in  Work  Unit  No.  006. 
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CONCLUSIONS 


AaP  and  NaAs  are  etable  Co  autoclaving  at  a  41  «M  concentration, 
but  only  AaP  ia  atabla  for  extended  perioda  in  aelution  in  a  blood 
bag.  The  atability  ia  not  affected  by  CPU,  making  it  poaaible 
to  be  included  aa  a  component  in  a  CPU  preaervative  solution. 

AaP  is  alao  stable  in  solutions  of  adenine,  glucose,  and  saline, 
and  thus  could  be  used  as  a  component  of  an  optional  additive 
solution  (see  Work  Unit  No.  006). 

RECOMMENDATIONS 


Further  investigations  should  be  performed  to  evaluate  the  efficacy 
and  potential  toxicity  of  AsP  when  used  as  an  additive  to  maintain 
red  cell  2,3-DPG.  The  optimal  concentration  should  be  determined. 

PUBLICATIONS 

1.  BEHSINGER,  T.A.,  T.F.  ZUCK,  B.  TOLBERT,  S.  McLAUCHLIN,  C.C.  PECK, 
and  H.  KNIGHT.  An  enzymatic  method  for  measurement  of  ascorbate-2- 
phosphate.  Biochcm  Med  19:118,  1978 

STUDY  NO.  5  The  stabilization  of  dlhydroxyacctone 

(DHA)  for  use  in  maintaining  red  cell 
2,3-DPG  during  liquid  storage 

PROBLQ1 


After  14  days  of  liquid  storage  as  whole  blood  or  red  cell  concentrates, 
red  cell  2,3-DPG  is  not  maintained  at  levels  permitting  normal  oxygen 
transfer  to  tissues.  Preliminary  data  suggest  that  decreased  oxygen 
transfer  may  be  particularly  deleterious  to  soldiers  requiring  massive 
transfusions  to  correct  hemorrhagic  shock,  it  has  recently  been  found 
that  ascorbic  acid,  especially  in  combination  with  dlhydroxyacetone 
(DHA)  will  maintain  2,3-DPC  levels  above  SOX  during  extended  liquid 
storage  (35  days).  The  additive  DHA  appears  to  be  unstable  in  solution 
with  anticoagulants  or  when  autoclaved. 

It  is  important,  therefore,  to  develop  ways  of  either  stabilising  this 
compound,  or  to  develop  modified  compounds  which  have  the  same  poten¬ 
tial  effect  as  DHA  in  preserving  red  cell  2,3-DPC.  It  is  necessary  to 
study  the  rate  and  mechanism  of  DHA  decomposition  in  various  aqueous 
solutions  and  develop  a  method  for  its  stabilization.  Stabilization 
of  DHA  may  be  achieved  by  development  of  a  complex  or  derivative. 


RESULTS  AND  DISCUSSION  OP  RESULTS 

Solutions  of  ISO  mH  DHA  in  sterile  blood  transfer  packs  ware  stored 
at  2S  C  for  20  months.  DHA  was  stable  in  water,  saline,  saline  plus 


37.7 


•demine  or  dextrose,  or  16  nM  phosphate.  DMA  was  unstable  in  CPU, 
citrate,  160  aH  phosphate,  or  ascorbate-2-phoaphate  (AsP).  DBA  was 
added  to  CPD-A1  whole  blood  units  in  concentrations  of  0-80  aH  to 
find  its  optiaal  concentration,  defined  as  the  aaxiaua  maintenance 
of  red  cell  2,3-DPC  with  the  ainiaua  loss  of  ATP  after  35  or  42  days 
of  storage.  Data  were  gathered  froa  3  experiments  and  were  analysed 
with  a  multiple  linear  regression  program  that  produced  equations 
from  which  the  partial  derivatives  with  respect  to  DHA  were  obtained. 
With  these  derivatives,  it  was  possible  to  obtain  optiaal  concentration 
predictions  for  usage  of  DBA.  The  predicted  optlnua  was  about  30  aM, 
which  has  been  born  out  by  experimental  measurements.  DiiA  was 
added  to  packed  cells  at  30  mil  and  shown  to  help  maintain  2,3-DPG, 
but  the  effects  were  less  than  when  whole  blood  was  stored. 

CONCLUSIONS 

DHA  is  stable  in  liquid  storage  in  HjO,  saline,  or  HjO  with  adenine 
or  glucose,  at  25  C.  It  could  be  used  in  blood  storage  if  added  to 
the  blood  via  an  optional  additive  system  (OAS)  contained  in  a 
satellite  bag  attached  to  the  primary  bag. 

RECOMMENDATIONS 

The  use  of  DHA  to  help  maintain  2,3-DPC  in  stored  blood  should  be 
further  evaluated  using  the  OAS  approach.  Optimisation  of  2,3-DPC 
maintenance  should  be  continued  in  a  new  work  unit  designed  to 
integrate  the  Army  liquid  blood  preservation  RAD  effort  into  a 
cost-effective,  targeted  program. 

PUBLICATIONS 

1.  LEDFORD,  M.E.,  G.L.  MOORE,  and  T.A.  BENSINCER.  Comparison  of 
two  2,3-diphosphoglycerate  assays.  Clin  Chen  24:517,  1978 

2.  MOORE,  G.L. ,  M.E.  LEDFORD,  M.R,  BRUtMELL,  and  D.E.  BROOKS. 

The  potential  use  of  dihydroxyacetone:  Solution  stability  and  use 
in  packed  cell  storage.  (Submitted  for  publication) 
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23,  (U)  The  final  objective  of  thla  atudy,  clinical  triala  of  an  improved  anticoagulant, 

la  Food  and  Drug  Administration  llcenaure,  which  wobld  permit  clinical  use  of  red 
cella  after  prolonged  liquid  atorage.  Shipment  of  blood  into  combat  area*  necessitates 
delays  between  drawing  and  lnfuaion;  the  impact  of  theae  delay*  on  the  quality  of  rad 
cella  lnfuaed  will  be  minimised  through  uae  of  an  inproved  anticoagulant-preservative 
aolutlon. 

2*.  (U)  Currently,  rad  call  liquid  atorage  in  CPD-A1  anticoagulant-preservative  is 

limited  to  35  days  and  is  not  approved  for  component  atorage.  Survivability  of  packed 
red  cells  (PC)  stored  in  CFD-Al  for  35  days  is  marginally  acceptable.  In  vitro  studies 
of  netabollsn  in  red  cells  and  platelets  stored  in  modified  CPD-adenln*  suggest  that 
lncreaaed  adenine  and  glucose  in  the  preservative  will  ieprovt  survivability.  Such 
inproveeents  may  allow  extension  of  red  tell  storage  time  to  *2  days  or  beyond.  The 
Division  of  Blood  Research,  LAIP.,  will  coordinate  efforts  with  civilian  and 
container-solution  manufacturers  in  the  execution  of  clinical  trials  of  promising 
Inproved  CPD-adenlne  formulations. 

25.  (U)  77  10  -  7f  09.  In  compliance  with  FDA  recommendations,  1*  core  human  in  vivo 

autologous  red  cell  survivability  studies  war*  performed  on  blood  stored  for  35  days 
in  CPD-Al .  These  data  contributed  to  the  successful  licensure  of  CPD-A1  by  FDA  in 
June  1978.  Human  in  vivo  survival  studies  on  platelet  concentrate  harvested  fros 
blood  drawn  in  CPD-Al  arc  being  plannod. 
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ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  004  CPD-Adenine  Clinical  Trials 

In  compliance  with  Food  and  Drug  Administration  recommendations 
that  the  CPD-adenine  clinical  studies  reported  last  year  be 
supplemented  by  further  investigations,  14  more  human  in  vivo 
autologous  red  cell  survivability  studies  were  performed  on  packed 
cells  stored  in  containers  from  2  different  manufacturers. 

Red  cell  survival  (24  hour  slCr-recovery)  was  not  materially 
different  from  those  reported  in  the  first  series  of  CPD-Al  red 
cell  survivability  studies:^  manufacturer  1  —  packed  cell 
survivability  •  81.3l5.8Z  (XiSD,  n«6) ,  whole  blood  survivability 
68.3H6.8Z  (n-2);  manufacturer  II  —*  packed  cell  survivability 
71,3*72  (n«*4),  whole  blood  survivability  83.011. 2Z  (n*2).  These 
data  contributed  to  those  of  several  cooperating  laboratories  and 
were  summarised  and  submitted  to  FDA  in  support  of  licensure  for 
CPD-Al.  In  June  1978,  FDA  granted  a  license  to  one  manufacturer 
to  make  available  CPD-Al  for  the  storage  of  whole  blood  and  packed 
cells  for  up  to  35  days. 

Licensure  for  the  harvesting  of  components,  however,  has  been 
withheld  pending  the  results  of  survival  and  function  studies 
of  platelets  stored  in  CPD-Al.  The  Department  of  Blood  Research, 

LAIR  in  cooperation  with  several  civilian  laboratories  is  currently 
planning  survival  and  function  studies  of  platelets  stored  in 
CPD-Al  to  support  licensure  extension  for  the  storage  of  blood 
components  in  CPD-Al. 

In  all  studies  of  red  cell  survival  of  packed  cells  stored  in 
CPD-Al,  it  has  been  noticed  that  survivability  is  marginal  after 
35  days  storage  (grand  mean  tSD:  72.8i9.5Z,  n-41).  In  vitro 
studies  of  red  cell  metabolism  on  erythrocytes  stored  in  modified 
CPD-Al  suggest  that  increased  adenine  and  glucose  in  ..he  preservative 
will  improve  survivability.  Such  lmproveaients  may  allow  extension  of 
red  cell  storage  time  to  42  days  with  the  assurance  that  packed  red 
cells  will  survive  in  an  acceptable  fashion.  When  the  modification 
of  CPD-Al  is  specified  to  be  near  optimal  on  the  basis  of  in  vitro 
studies,  this  work  unit  will  support  clinical  studies  of  red  cell  and 
platelet  survivability/ function  in  the  new  preservative  in  support  of 
a  licensure  effort. 


330 


BODY  OF  REPORT 


WORK  UNIT  NO.  004  CP D- Adenine  Clinical  Trials 

PROBLEM 

The  original  objective  of  this  work  unit  was  to  axacuta  clinical 
trials  of  blood  stored  in  CPD-adenin*  in  support  of  Food  and  Drug 
Administration  licensure  which  would  permit  clinical  use  of  red 
cells  in  military  field  situations.  This  objectlva  has  baen  partially 
realised  with  the  licensure  of  CPD-A1  by  FDA  in  June  1978.  With  the 
execution  of  these  studies,  however,  two  problems  have  emerged  which 
require  further  effort.  One  is  the  recognition  that  rad  call  survival 
of  packed  cells  stored  for  35  days  in  CPD-A1  is  marginal.  Thus, 
while  whole  blood  preserved  in  CPD-Al  exhibits  acceptable  survivability 
following  35  days  storage,  packed  red  cells  are  acceptable  for  only 
28  days  storage.  The  other  problem  is  the  necessity  to  evaluate  the 
survival  and  function  of  blood  components  stored  in  CPD-A1.  FDA  has 
licensed  CPD-A1  for  the  storage  of  whole  blood  and  packs!  red  cells 
only,  and  does  not  sanction  the  storage  of  platelet  concentrates 
in  CPD-Al.  The  utility  of  CPD-Al  is  thus  severely  limited  under 
current  civilian  and  military  blood  banking  practices  as  harvesting 
of  components  and  component  therapy  is  the  rule.  Thus,  evaluation 
of  platelet  survival  and  function  in  platelet  concentrates  stored 
in  CPD-Al  emerges  as  an  important  secondary  requirement  for  full 
utility  of  CPD-Al  for  extended  storage  for  military  field  use. 

Moreover,  it  is  apparent  from  in  vitro  studies  of  red  cell 
metabolism,  that  the  storablllty  of  red  cells  in  CPD-Al  can  be 
extended  to  42  days  with  the  proper  adjustment  in  the  adenine  and 
glucose  content  of  a  modified  CPD-Al  formulation. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Fourteen  additional  human  in  vivo  autologous  red  cell  survivability 
studies  were  performed  in  this  laboratory  on  blood  stored  in  CPD-Al 
for  35  days.  These  studies  were  performed  on  the  recommendation 
of  the  Food  and  Drug  Administration  following  the  revelation  that 
some  of  the  original  CPD-Al  red  cell  survival  studies  were  performed 
in  blood  that  had  been  stored  in  bags  which  were  mislabelled  as  to 
the  plastic  type.  Whole  blood  and  packed  red  cells  stored  in  CPD-Al 
within  containers  from  2  different  manufacturers  were  performed. 

Red  cell  survival  was  similar  to  that  reported  in  the  first  series 
of  CPD-Al  red  cell  surviv«bility_s todies:  manufacturer  I  —  packed 
cell  survivability  •  81.3*5.82  (X1SD,  n-6),  whole  blood  survivability 

•  68. 3116.81  (n«2);  manufacturer  II  —  packed  cell  survivability 

*  71.3*71  (n**4) ,  whole  blood  survivability  •  83.0*1.21  (n-2) . 

These  data  contributed  to  those  of  several  cooperating  laboratories 
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and  were  summarized  and  submitted  to  FDA  in  support  of  licensure  of  CPD™ 

Al,  In  June  1978,  FDA  granted  c  license  to  one  manufacturer  to  "take 
CPD-Al  commercially  available  for  the  storage  of  whole  blood  and  packed 
cells  for  up  to  35  days. 

Licensure  for  the  harvesting  of  components,  however,  has  been 
withheld  pending  the  results  of  survival  and  function  studies  of 
platelets  stored  in  CPD-A1.  Widespread  use  of  any  new  preservative 
system  is  contingent  upon  licensing  for  blood  component  preparation. 

Hence,  itmsediate  availability  to  the  military  of  the  CPD-A1  blood 
preservation  system  must  await  licensure  for  component  preparation. 

For  this  reason,  we,  in  cooperation  with  several  civilian  laboratories, 
are  planning  survival  and  function  studies  of  platelets  stored  in 
CPD-A1  to  support  licensure  extension  to  the  storage  of  blood  components 
in  CPD-A1. 

In  all  studies  of  red  cell  survival  of  packed  cells  stored  in  CPD-A1, 
it  has  been  noticed  that  survivability  is  marginal  after  35  days 
storage.  Although  the  mean  red  cell  survival  of  packed  ceils  (hematocrit 
70*52)  is  greater  than  70Z  (72.7*9,62,  n-40) ,  it  is  apparent  that  greater 
titan  302  of  packed  cell  units  stored  in  CFb-adenine  for  35  days  will 
exhibit  survivabilities  of  less  than  702.  In  vitro  amtabollc  studies 
on  erythrocytes  stored  in  modified  CFD-A1  suggest  that  increased 
adenine  and  glucose  in  the  preservative  will  improve  survivability. 

Such  Improvements  nay  allow  extension  of  red  cell  storage  time  to  42 
days  with  the  assurance  that  packed  red  cells  will  survive  in  an  acceptable 
fashion.  When  the  modification  of  CPD—A1  is  specified  to  be  near 
optimal  on  the  basis  of  in  vitro  studies,  this  work  unit  will  support 
clinical  studies  of  red  cell  and  platelet  survlvabillty/function  in 
the  new  preservative  in  support  of  a  new  licensure  effort. 

CONCLUSIONS 

The  original  objective  of  this  work  unit  has  been  partially 
achieved  with  the  licensure  of  CPD-A1  for  35  days  storage  of  whole 
blood  and  packed  cells  in  June  1978.  This  laboratory,  in  coopera¬ 
tion  with  several  civilian  laboratories,  is  currently  planning 
survival  and  function  studies  of  platelets  stored  in  CPD-Ai  to 
support  licensure  extension  for  the  study  of  blood  components  in 
CPD-A1.  An  improved  CPD  adenine  formulation  is  being  developed. 

This  should  eventually  res<  *  :  in  42  days  storage  life  for  whole 
blood  and  red  cell  concentrates  with  acceptable  survivabilities. 

RECOMMENDATIONS 

1.  Studies  of  platelet  survival/function  stored  in  CPD-Al  should 
be  performed  in  support  of  licensure  extenelon  for  the  storage  of 
blood  components  in  CPD-Al. 

|  > 
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2.  In  vitro  studios  of  s  modified  CPD-A1  with  increased  glucose 
end  adenine  concentrations  should  be  performed  as  a  prelude  to 
in  vivo  evaluation  of  this  improved  CPD  adenine  preservative. 

The  goal  of  these  investigations  should  be  the  optimization  of 

the  improved  CPD-A1  Co  provide  unquestionably  acceptable  storability 
of  packed  erythrocytes  for  42  day  storage. 

3.  When  these  studies  are  completed  and  the  appropriate  modifi¬ 
cations  of  adenine  and  glucose  in  the  modified  CPD-A1  formulation 
have  been  made,  this  laboratory  should  participate  in  cooperative 
clinical  trials  of  red  cella  and  platelets  in  the  support  of  a 
licensure  effort  for  the  new  preservative. 

4.  The  department  should  participate  with  the  manufacturers  in 
applying  for  a  new  drug  application  and  applying  through  the 
Surgeon  General's  Office  for  the  required  amendment  to  the 
Institutional  Blood  Bank  License  held  by  the  Surgeon  General  to 
permit  the  Army,  as  dictated  by  military  requirements,  to  use 
CPD-A1  or  improved  CPD-A1  formulations. 

PUBLICATIONS 

1.  Anticoagulant  Citrate-Phosphate- Dextrose-Adenine  Solution,  New 
Drug  Application  (NSA)  No.  77-420,  Section  3,  II.  Clinical  Studies, 
Fenwal  Laboratories,  1  Baxter  Parkway,  Deerfield,  II.  60015,  1978. 


5 


333 


BW.miUJWi  -gw . ■ . . .  .  - - - - - - -  - - - - - - 


ftCUAftCH  AND  TECHNOLOGY  VQftK  UMT  SUMMARY 


l  MM  >M*  tvTA* 

77  10  01 

4.  «M»  M  hMMAAf 

D .  Change 

trim 

i 

iSii 

A  MM  MAST 

▼  AMI  AM  A  HLMtMA 

005 

A  CMtailVTlM 

_ 

\amamm 

■■■■■■■■■■ 

■MB 

i  mac*  ucvwr 

DA  on  6094 


(.Mat** 

78  10  01 


aam*  wawac  maat 


(V)  Evaluation  of  DEHP  (dl-2-ethylhexyi-phthalatc)Dlsposltlon  in  Primates (Including  Man)  | 


i  Kitafi'K  m  nfmaaKn  ****** 

|0 1 6800  Toxicology;  012600  Pharmacology 
n  h.hwi 


75  07 


fa  wBnrawwB  wr 

80  10 


P  (MatAtct 

Hot  Applicable 


pi  issa  aiar 
DA  1 


4 

A  ■«»•«  HAA# 


I.CUM.  AMT 


»N<*1 


78 

mam 

79 


|m  mnsannsr 

|C.In-House 


1.0 


1.0 


T 


a  rvanit.aww«rf 


45 


30 


•*  aaaaaaaK*  *al  Ua>wb*<aa  ^ ''  'J 

’*’4*l,ett«;nsan  Army  Institute  of  Research 


SN«M»  A  MA«»1H»S 


Presidio  of  Ssn  Francisco,  CA  94129 


Letterman  Arny  Institute  of  P.esearch 
.  Division  of  Blood  Research 
Presidio  of  San  Francisco,  CA  94129 


tetMUlMAl 

.*•«. Marshall.  J.D.,  Jr.t  C0Lf  MC 
(415) ’561-3600 _ 


M««A4l  ell 

Foreign  Intelligence  Not  Applicable 


>a.i  .m*«a**H  <mm»  ll*a  a  a  l  tm 

Peck,  Carl  C.,  LTC,  MC 
(415)  561-5875 

•0*1  m»»»  itcaaa*  amca 
paa*cia*a  •a.iinwma 

•**»  Jess,  Donald  A.,  Spec.  5 


POC :DA 


IRTVWIV  JKtHim  W  V3C  " 
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23.  (U)  The  objective  Is  to  determine  the  distribution,  blotrar.sfonaation,  and 

elimination  characteristics  of  di-Z-ethylhexyl-phthAlate  (DD!P)  ip.  privates  (including 
nan),  as  a  step  towterds  assessment  of  the  potential  for  human  toxicity  of  this 
contaminant  In  bloed  stored  in  polyvinylchloride  (PVC)  bags.  (PVC  bags  are  currently 
the  method  of  choice.  In  the  military,  for  transport  and  storage  of  blood.) 


24.  (V)  Following  development  of  a  sensitive  and  specific  assay  for  DEHP  and  its 

metabolites,  the  dependence  of  DEHP  leaching  on  hematocrit,  plastic  surface  areas 
exposed,  tine,  and  temperature  will  be  determined.  The  pharmacokinetics  and  metabolise 
of  DEHP  will  be  determined  in  the  monkey  and  man. 


25.  (V)  77  10  -  78  09.  The  plasma  enryme  responsible  for  conversion  of  DEHP  to  :iEHP 

(can  be  inactivated  by  heat.  A  protocol  for  the  study  of  the  pharmacokinetics  and 
•rctabolisr  of  1 3-C-DEHP  in  nan  has  been  approved  and  initiated.  Rhesus  nonkey  plasma 
) stored  in  PVC  plastic  bags  accumulates  DEHP  and  exhibits  partial  conversion  of  DEHP  to 
•rono-2-othylhexyl  phthalate  (MEHP). 
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ABSTRACT 


PROJECT  NO.  3S762772A814 


WORK  UNIT  NO.  005 


Military  Trauma  and  Resuscitation 

Evaluation  of  DEHP  (di-2-ethylhexyl- 
phthalate)  Disposition  in  Primates 
(including  man) 


The  following  investigations  have  been  conducted  under  this  work  uult: 

STUDY  NO,  2  Factors  affecting  DEHP  leaching 

STUDY  NO.  S  Pharmacokinetic  evaluation  of  DEHP 

STUDY  NO.  8  Phthalic  acid  ester  (PAE)  loads  in  stored  platelet: 

rich  plasma  (PRP)  and  plasma  used  in  simulated 
transfusion  therapy 

STUDY  NO.  2  The  transformation  of  DEHP  into  MEHP  during  cold  storage 
appears  to  be  due  primarily  to  an  enzymatic  process.  This  process  can 
be  inhibited  by  heating  plasma  samples  to  60  C  for  30  min. 


STUDY  NO. 


A  protocol  detailing  a  1 ’C-DEHP  pharmacokinetic  and 


metabolism  study  in  man  has  been  prepared,  submitted  for  review,  and 
approved.  A  comsercial  source  for  1 'c-DEHP  impregnated 
polyvinylchloride  blood  bags  has  been  identified  and  has  initiated 
preparation  of  prototype  bags. 

STUDY  NO.  8  In  order  to  evaluate  reports  of  DEHP  toxicity  in  monkeys 
exposed  to  autologous  plasma  stored  in  polyvinylchloride  (PVC)  bags, 
DEHP  leaching  and  metabolism  were  studied  in  rhesus  monkey  plasms. 
Rhesus  monxey  platelet  concentrate  (PRP)  stored  in  PVC  plastic  blood 
bags  accumulates  DEHP  at  approximately  the  same  rate  as  human  PRP 
\nder  similar  conditions.  Transformation  of  a  portion  of  leached  DEHP 
to  nono~2-ethylhexyl>phthalatc  (MEHP)  occurs  during  storage  of 
rhesus  monkey  platelet  concentrate  at  a  rate  which  is  quantitatively 
less  than  that  in  human  platelet  concentrate.  We  conclude  that 
studies  of  the  toxicity  of  plasme  stored  in  PVC  bags  should  take 
into  account  both  DEHP  and  MEHP  exposure. 
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Evaluation  of  DEHP  (di-2**wthylhsxyl- 
phthalata)  Diapoaltlon  in  Primates 
(including  Man) 


STUDY  NO.  2  Factors  affecting  DEHP  leaching 

PROBLEM 

Increasing  the  storage  duration  for  whola  blood  and  packed  red  cells 
will  iaprove  che  logistics  of  field  transfusion  therapy.  The 
plasticiser  di-2-ethylhexyl-phtheIate  (DEHP)  leaches  from  polyvinyl¬ 
chloride  (PVC)  plastic  blood  bags  into  plasma  during  storage. 

Concern  has  beer,  expressed  about  its  potential  toxicity  in  transfusion 
recipients.  Since  DEHP  leaching  iron  PVC  increases  approximately 
linear  with  tine,  prolonged  storage  nay  increase  the  potential 
toxicity.  To  assess  properly  the  increased  risk  of  exposure  to  DEHP, 
detailed  studies  of  leaching  characteristics,  the  factors  affecting 
leaching  race,  and  pharmacokinetic  evaluation  are  easentlal. 


Developing  ways  to  limit  human  exposure  to  DEHP  (in  plasma)  requires 
identification  of  factors  affecting  DEHP  leaching  into  plasma  from 
PVC  blood  bags.  This  will  permit  selection  of  storage  conditions 
which  minimise  leaching.  During  studies  of  1  *C-DEHP  disposition  in 
the  African  green  monkey  (Study  No.  5,  FY  76),  small  quantities  of 
mono-ethylhexyl-phthalate  (MEHP)  were  discovered  in  infusion  plasmas. 
We  have  shown  that  MEHP  arises  de  novo  during  cold  storage  of  blood 
products,  probably  as  a  result  of  ensymatic  conversion  of  leached 
DEHP  to  MEHP  (Study  No.  2,  FY  7).  Since  MEHP  is  known  to  be  at 
least  as  toxic  as  DEHP,  more  information  regarding  the  origin  of 
this  blood  storage  contaminant  is  necessary  to  prevent  inducing 
toxicity  to  military  recipients. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


The  effect  of  heating  plasma  samples  containing  DEHP  and  MEHP  has 
been  studied  with  regard  to  beat  effects  on  DEHP  and  MEHP  conversion. 
Heating  plasma  samples  in  a  water  bath  for  up  to  150  min  at  60  C 
showed  the  conversion  of  DEHP  to  MEHP  to  he  inhibited  after  30  min. 

This  observation  has  prcspt.ed  the  heating  of  all  plasaui  samples  from 
DEHP  leaching  experiments  so  that  conversion  of  DEHP  to  MEHP  is 
inhibited  during  sample  storage.  Analysis  of  timed  heating  experiments 
at  incubation  between  23,  53,  and  60  C  enabled  a  study  of  tbs  relative 
contributions  of  ensymetic  and  nonanxymatlc  hydrolysis  of  DEHP  to  MEHP 
accumulation  rate.  Rnxviatlc  hydrolysis  of  DEHP  is  largely  responsible 
for  MEHP  accueulatlco  during  storage. 
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CONCLUSIONS 

Beating  plasma  sample*  to  60  C  for  30  min  inhibits  further 
hydrolysis  of  DEHP  to  MEHP  and  can  b«  used  to  inhibit  couvsrslon  of 
DEHP  to  MEHF  during  sample  storage.  Enxymatlc  hydrolysis  of  DEHP  is 
largely  responsible  for  MEHP  accumulation  during  storage. 

RECOtttENDATIONS 

Rates  of  accumulation  of  UEHP  and  MEHP  should  be  studied  in  new 
blood  products  developed  in  this  laboratory.  Factors  which  affect 
these  phenomena  should  be  further  elucidated. 

PUBLICATIONS 
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I.  PECK,  C.C.,  O.C.  ODOM,  H.I.  FRIEDMAN,  P.V.  ALBRO,  J.R.  HASS, 

J. T.  BRADY,  and  D.A.  JESS.  Di-2-ethylhexyl  phthalate  (DEHP)  and 
mono-2-athylhexyl  phthalate  (MEHP)  accumulation  in  whols  blood  and 
red  cell  concentrates.  Transfusion  (in  press) 

STUDY  NO.  5  Pharmacokinetic  evaluation  of  UEHP 

PROBLEM 

The  pharmacokinetics  end  metabolic  fate  of  DEHP  lri  primates  has  been 
elucidated  in  a  subhuman  primate  species  (African  green  monkey;  see 
annuel  report  FY  76,  this  work  unit)  and  preliminarily  in  man  (see 
annual  report  FY  77,  this  work  unit).  In  order  to  determine  risks  of 
toxicity  from  this  blood  storage  contaminant  during  Missive  transfusion, 
the  metabolic  disposition  of  DEHP  in  man  must  be  investlgeted. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

m— — maHW—mae  — — — i cUimw —mm— —maw — Mmmm 

A  protocol  has  been  prepared  which  details  a  plan  for  the  elucidation 
of  the  human  pharmacokinetics  and  metabolism  of  1  ’ODEHP  which  hss 
been  incorporated  into  standard  PL-146  blood  bags  and  leacked  into 
plasma.  Plasaa  from  voluntaera  will  be  stored  in  these  begs  for 
72  h  at  room  temperature,  during  which  time  l,C-DEHP  will 
accumulate  in  the  plasma.  Following  relnfuslou,  aerial  blood  and 
urine  samples  will  be  taken  for  up  to  96  'ft  for  the  study  of 
the  disposition  and  kinstics  of  DEHP  end  MEHP.  Tht  protocol  hss 
bttm  reviewed  by  local  and  Washington-based  human  use  committees 
and  was  approved  in  August  1973.  A  commercial  firm  has  bean 
contacted  end  agrees  to  incorporate  1 *C-BEMP  Into  standard  PL-146 
plastic  blood  bags  for  the  purpose  of  this  study, 

CONCLUSIONS 

The  nrotucol  for  the  study  of  the  phsxmscoki&etleo  end  metabolism 
of  *  *C-DEHP  in  man  has  been  prepared  end  approved.  It  is  in  the 
initial  stages  of  execution. 


337 


RECOMMENDATIONS 

A  definitive  invest iaation  of  the  disposition  of  UEHP  in  nan  should 
be  undertaken  using  *C-DEHP. 

PUBLICATIONS 

1.  PECK,  C.C.  International  Forum:  What  is  the  toxicological 
importance  of  the  liberation  of  phthalates  froa  plastic  containers 
into  blood,  Its  components,  and  derivatives?  Vox  Sang  34:244,  1978 

2.  PECK,  C.C.,  P.W.  ALBRO,  D.G.  ODOM,  and  J,R.  HASS.  Plasticizers 
in  stored  blood.  _In:  Microaggregates,  edited  by  L.  Kozloff. 

St.  Louis:  Warren  H.  Green,  Inc.  (in  press) 

3.  PECK*  C.C.,  P.W.  ALBRO,  J.R.  HASS,  D.C.  ODOM,  B.B.  BARRETT,  and 
F.J.  BAILEY.  Metabolism  and  excretion  of  the  plasticizer  di-2- 
ethylhexyl  phthalate  in  nan,  (Abstract)  Clin  Res  26:101A,  1978 

STUDY  NO.  d  Phthalic  acid  ester  (PAE)  loads  in 

stored  platelet  rich  plasma  (PR7) 
and  plasma  used  in  simulated  trans¬ 
fusion  therapy 


PROBLEM 


Hepatotoxiclty  ascribed  to  OEHP  in  stored  monkey  plasma  has  been 
reported  (J  Lab  Clin  Med  89:1066,  1977).  In  appraising  such  reports, 
it  is  necessary  to  know  whether  or  not  such  plasmas  contain  MEHP  in 
addition  to  DEHP  since  MEHP  is  at  least  as  toxic  as  DEHP. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Platelet  rich  plasna  (PRP)  and  platelet  poor  plasma  (PPP)  ms 
harvested  from  2  rhesus  monkeys  and  stored  in  PVC  blood  bags  for 
3  days  at  22  C.  Results  of  these  studies  and  values  for  human  PRP 
stored  under  identical  conditions  are  detailed  below: 


Source 


[DEHP] 
n  moles/ml 


(MEHP  I 
n  "moles /ml 


PPP-rhesus  monkey  (n»l)  651.9 

PKP-rhesus  monkey  (n*i)  963.4 

PRP-human  (n-3)  916157,3 


19.9 

9,4 

32.018.6  (S.D.) 
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CONCLUSIONS 

While  DEHP  accuaulation  in  huaan  end  the  one  rhesus  nonkey  PRP  studied 
sre  similar,  MEHP  concentrations  in  stored  huaan  PRP  is  3  to  *  tlasa 
that  of  the  one  rhesus  aonkey  PRP  studied.  More  studies  of  stored 
rhesus  nonkey  PRP  are  needed  before  definitive  conclusions  can  be  asde. 

RECOMMENDATIONS 

Studies  of  toxicity  of  DEHP  in  blood  products  should  also  take  into 
account  toxicity  due  to  exposure  froa  MEHP. 
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!3.  (f)  The  21  day  storage  limit  of  blood  used  to  transfuse  the  wounded  soldier  can  be 
increased  66  to  100S  by  the  addition  of  adenine  to  \he  preservative.  Metabolic  and 
kinetic  data  will  be  gathered  to  define  the  efficacy  and  toxicity  of  adenine  when  used 
as  part  of  an  anticoagulant  solution  for  the  storage  of  human  blood.  Investigations 
will  be  conductod  to  determine  if  2,8  dioxyadenlne,  a  catabolic  netabolltc  of  adenine, 
could  accumulate  In  sufficient  quantities  In  the  massively  transfused  Individual  to 
cause  toxicity  problems. 

,4.  (V)  The  rate  of  transport  of  adenine  Into  red  cells  during  cold  storage  (whole 

blood  and  red  cell  concentrates)  and  the  rate  of  conversion  to  adenine  nucleotides  will 
be  investigated.  The  kinetics  of  edenlnc  catabolic  metabolism  by  xanthlna  oxidase  will 
be  evaluated. 

5.  (O  77  ID  -  78  09.  Adenine  ves  used  along  with  other  chemicals  as  part  of  optional 
additive  systems  (0AS)  to  provide  Improved  long  term  storage  for  packed  red  calls, 
xaninatlor.  of  several  formulations  showed  that  one  containing  adanlne,  glucose,  and 
( Aecorbatc-2-phosphat«  holds  promise  for  long  term  storage  (at  least  42  days)  with 
( acceptable  viability  and  good  oxygen  transport  Fropertias.  The  0AS  studies  will 
I  continue  under  a  new  work  unit. 
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ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  U.NIT  NO.  006  The  Toxicity  of  Adenine  When  Used 

in  a  Blood  Anticoagulant  Solution 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO,  2  Diffusion  of  adenine  into  and  out  of  red  blood  cells 
during  cold  storage 

STUDY  NO.  3  Adenine  metabolism  and  kinetics  in  CPD-adenine 
stored  blood 

STUDY  NOS.  2  and  3  Experiments  in  this  work  unit  during  FY  78 
were  directed  toward  evaluating  the  effect  of  adenine  and  other 
chemical  additives  on  the  preservation  of  packed  cells.  An  optioual 
additive  system  (OAS)  was  used  by  which  preservative  chemicals 
were  added  to  packed  cells  that  had  been  drawn  in  CPD.  Exploration 
of  several  systems  showed  one  of  exceptional  merit.  This  one 
contained  glucose,  adenine,  and  aacorbate-2-phosphate  (AsP).  While 
the  system  is  not  yet  optimized,  it  appears  to  provide  for  red 
cell  survival  and  normal  oxygen  transport  as  measured  by  2,3- 
DPG  and  Pjo  for  at  least  42  days  of  storage. 


BODY  Ok  REPORT 


WORK  UNIT  NO. 

006 

The  Toxicity  of  Adeuine  When  Used 
in  a  Blood  Anticoagulant  Solution 

STUDY 

NO. 

2 

Diffusion  of  adenine  into  and  out 
of  red  blood  cells  during  storage 

STUDY 

NO. 

3 

Adenine  metabolism  and  kinetics  in 
CPD-adenine  stored  blood 

PROBLEM 


Our  goal  is  (1)  Co  gather  oata  on  Che  efficacy  and  potential  toxicity 
of  adenine  when  used  as  part  of  an  anticoagulant  solution  for  the 
storage  of  human  blood  and  (2)  to  maximize  the  beneficial  effects  of 
adenine  in  both  whole  blood  and  red  cell  concentrates  (hCC)  when 
part  of  the  anticoagulant  nix,  or  when  used  in  an  optional  additive 
system  (OAS).  In  addition,  we  will  deterainc  the  kinetics  of  adenine 
uptake,  egress,  and  metabolism  by  red  cells  in  the  above  situations, 
and  determine  the  kinetic  liaitations  of  conversion  of  adenine  to 
its  insoluble  oxides  by  xanthine  oxidase. 

RESULTS  AMD  DISCUSSION  Ok  RESULTS 

The  utilization  of  adenine  in  packed  red  cells,  when  the  OAS  approach 
is  used,  has  been  studied  in  A  experiments.  The  OAS  storage  method 
involves  drawing  blood  in  CPU  and  harvesting  plasma  components  from  it. 
The  packed  cells  remain  in  the  primary  bag  then  arc  mixed  with  a  small 
volume  of  OAS  solution  that  is  contained  in  a  small  satellite  bag 
attached  to  the  main  bag.  This  allovs  for  extended  liquid  storage 
of  the  red  cells  in  the  most  desirable  combination  of  chemical 
additives  without  exposing  the  plasma  components  to  these  additives. 

In  the  first  study,  cells  were  treated  with  0.5  i*l  adenine, 

16  m>M  glucose,  and  30  m.’I  dihydroxyacctone  (all  concentrations 
listed  after  dilution  in  blood).  The  addition  of  solution  was  at  one 
of  three  time  intervals,  day  0,  7,  or  14,  Addition  of  OAS  solution 
at  any  of  the  time  intervals  maintained  ATP  levels  above  50X  of  the 
starting  values  for  42  days  of  storage.  The  use  of  OAS  solution 
caused  significant  improvement  of  2,3-01*0  maintenance,  but  only  when 
it  was  addud  at  Days  0  or  7. 
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In  the  second  OAS  experiment,  pyruvate,  mannitol,  end  sodium 
phosphate  were  added  to  the  OAS  formulation  in  an  attempt 
to  achieve  further  increases  in  ATP  and  2,3-DPG  while  reducing 
red  cell  hemolysis.  The  OAS  was  added  to  the  cells  on  Day 
0  and  7.  With  this  formulation,  red  cell  ATP  levels  were  less 
well  maintained  than  in  the  first  experiment,  while  2,3-DPG  levels 
were  the  same  in  both  experiments.  The  OAS  solution  had  increased 
osmolarity  (>2000  millioamols)  which  causes  noticeable  shrinkage 
of  the  cells  during  storage,  but  measurements  of  mean  corpuscular 
volume  indicated  that  the  cells  returned  to  normal  sire  when 
diluted  in  normal  isotonic  solutions. 

The  third  OAS  formulation  tested  consisted  of  16  mM  glucose 
and  5  mH  ascorbate-  2-phosphate  (AsP)  with  or  without  0*25  “H 
adenine.  Glucose-adenine  controls  were  also  run,  with  sll  OAS 
addition  to  red  cells  done  on  Day  0.  The  OAS  formulations 
containing  AsP  all  held  2,3-DPC  levels  in  excess  of  802  of 
the  starting  values  for  42  d*ys  of  storage.  AsP  does,  however, 
cause  a  drop  in  red  coll  ATP  during  storage.  In  the  fourth 
OAS  experiment,  correction  of  the  latter  defect  was  attempted 
by  lowering  the  AsP  c  -ncentration  to  3.5  mH  and  using  increasing 
doses  of  adenine  (0.25  to  0.50  oM).  This  increase  in  adenine  (with 
less  AsP)  results  in  42-Jay  ATP  levels  of  about  401  of  initial 
levuls.  The  2,3-DPG  levels  were  well  maintained  as  before,  and 
measurements  of  P5s  from  Day  21  to  Day  42  showed  excellent  maintenance 
of  hemoglobin  function  through  Day  42.  Hie  Day  42  Pjj  values 
range  from  21  to  2)  w  Hg;  fresh  blood  is  25  am,  and  CPU  stored 
blood  ia  usually  down  to  lo  am  by  Day  21. 


CONCLUSIONS 

The  optional  additive  system  appears  advantageous  for  42  day 
storage  of  packed  red  cells.  The  cells  should  remain  viable, 
as  measured  by  ATP  levels, and  have  excellent  oxygen  transport 
properties,  as  shown  by  maintenance  of  2,3-DPG  at  fresh  blood 
concentrations,  os  well  as  normal  Pso  values.  The  OAS  solution 
with  AsP  las  yielded  cells  with  superior  oxygen  transport  properties 
to  those  seen  in  any  other  system.  The  OAS  approach  has  great 
flexibility  in  that  the  plasma  components  are  not  exposed  to 
the  OAS  chemicals  and,  in  addition,  the  use  of  OAS  may  be 
delayed  up  to  7  days  after  drawing.  Thus,  if  the  blood  is 
used  during  the  first  week  of  storage,  the  OAS  chemicals  would 

not  be  in  it. 

RLCQHHENDAT IONS 

Studies  should  continue  to  evaluate  the  OAS  system,  containing 
AaP,  glucose,  and  adenine,  .for  use  in  long  term  storage  °» 
packed  red  cells.  The  toxicity  and  mechanism  of  action  oi  ASP 
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needs  to  be  determined.  Studies  should  be  instituted  to  determine 
concentrations  of  additives  which  simultaneously  maximize  ATP 
and  2,3-DPC.  This  will  be  done  in  a  new  work  unit  designed  to 
integrate  the  Army  liquid  blood  preservation  RAD  effort  into  a 
cost-effective  targeted  program. 
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2.  MOORE,  G.L.,  M.E.  LEDFORD,  and  D.E.  BROOKS.  Plasma  adenine  and 
cellular  ATP  in  red  cell  concentrates  collected  aud  stored  in  modified 
CPU  at  4  C.  Transfusion  (in  press) 
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(U)  Sapid  Screening  Techniques; 

Blood  'Respiratory  Function 
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23.  (U)  The  objectives  are  to  devise  an  accelerated  method  for  testing  anticoagulant- 
nutrient  preservatives  by  using  elevated  temperatures ;  to  determine  if  rates  of  change 
of  the  observed  parameters  during  storage  are  predictable  on  a  chemical-kinetic  basis; 
to  apply  such  techniques  to  rapid  screening  of  substAnces  and  techniques  potentially 
beneficial  to  preserve* ion  cf  blood;  and  to  evaluate  the  therapeutic  effectiveness  of 
blood  so  preserved  for  the  treatment  of  battlefield  injuries. 

2*.  (U)  Results  have  shown  thst  the  rates  of  change  of  functionally  significant  sub¬ 
stances,  such  ss  H*.  2 ,3-dlphosphoglycerate  (1,3-DPG),  and  adenosine  triphosphate  (ATP), 
in  blood  stored  at  4  C  can  be  predicted  from  observations  at  3)  C.  As  rates  of  change 
are  often  >0-fold  greater  than  at  4  C,  observations  at  37  C  of  the  effects  of  experi¬ 
mental  anticoagulant-nutrient  preservatives  on  blood  storage  can  be  condensed  to  about 
24  hours  compared  to  35  or  so  days  required  at  4  C.  This  high  temperature  approach  to 
such  screening  will  be  continued  and  txtended  to  (a)  optimise  the  composition  of  preser¬ 
vative  media,  (b)  identify  factors  altering  the  collection  and  storage  lesion,  and  (c) 
understand  differences  in  individual  donors  with  respect  to  blood  storsgeability . 

25.  (U)  77  10  -  78  09  CPD  preserved  blood  accumulates  less  fixed  acid  st  0  then  at  4  C. 
P-ate  of  lots  of  organic  phosphates  at  0  C  is  essentially  the  same  as  st  4  C,  except  dur¬ 
ing  prolonged  storage.  There  is  an  increase  of  blood  ATP  during  the  first  week  of  stor¬ 
age  at  8  C,  but  subsequent  losses  are  more  rapid  than  with  storage  at  0  or  '*  C.  Ery¬ 
throcytes  density  segregated  by  centrifugation  display  large  differences  f.n  viscosity. 
DPG  is  not  well  correlated  with  P50  «h«n  the  molar  ratio  of  DPC/Hgb  is  above  0.5.  Under 
some  experimental  conditions,  negative  correlations  between  DPG  and  Fsc  are  observed. 


0D.7.VJ498 


*NO  !«*•*•  I  M*»  «•  *****  V4t»  *«• 


ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  007  Development  of  a  Rapid  System  for 

Assessing  Blood  Anticoagulant- 
Nutrient  Preservatives 

The  rates  ot  loss  of  2, 3-diphosphogly cerate  (DPG)  and  adenosine  tri¬ 
phosphate  (ATP),  and  the  rate  of  accumulation  of  H+  ions  during  long¬ 
term  storage  (6  weeks)  at  temperatures  between  37  and  4  C  agree  with 
the  thermoklnet ic  (Arrhenius)  equation.  Thus,  when  these  factors  are 
screened  ut  37  C,  a  rapid  assessment  of  the  value  of  proposed  blood 
preservatives  is  possible.  The  optimal  liquid  storage  temperature  for 
citrate-phosphate-dextrose  (CPD)  preserved  blood  appears  to  be  near  0  C, 
although  Initial  storage  at  8  C  for  several  days  after  collection  may 
improve  ATP  retention.  The  erythrocytic  properties  of  whole  blood 
reflect  the  integrated  effects  of  the  Individual  red  cells;  thus, 
individual  variability  of  donor  blood  during  storage  possibly  reflects 
in  part  the  age  distribution  of  the  donor’s  red  cells.  Observations 
of  red  cells  kept  at  conditions  (excess  CPD,  low  pH,  elevated  tempera¬ 
ture)  similar  to  those  occurring  during  the  initial  phase  of  blood 
collection  revealed  an  unexpected  and  large  decrease  in  hemoglobin 
oxygen  affinity  with  a  concurrent  rapid  fall  in  DPG.  This  negative 
correlation  between  Pjq  and  DPG  is  being  examined  with  particular  re¬ 
gard  to  the  collection  lesion  (i.e.,  the  apparent  damage  to  the  first 
fraction  of  cells  to  be  collected  from  a  donor). 
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WORK  UNIT  NO.  007  Development  of  a  Rapid  System  for 

Assessing  Blood  Anticoagulant- 
Nutrient  Preservatives 

PROBLEM 

The  supply  and  quality  of  liquid  stored  blood  used  for  transfusion  pur¬ 
poses  in  wounded  soldiers  can  be  seriously  limited  by  the  exigencies  of 
warfare.  Therefore,  there  is  a  unique  military  requirement  for  pro¬ 
longing  the  present  storage  limit  for  preserved  blood  and  improving  the 
quality  of  this  product.  Most  experiments  designed  to  improve  preserved 
liouid  blood  generally  are  performed  at  4  C,  presumably  on  the  pragmatic 
ground  that  this  temperature  normally  is  used  for  liquid  blood  storage. 
For  several  reasons,  however,  this  pervasive  experimental  approach  may 
be  undesirable.  In  the  first  place,  the  practice  tends  to  perpetuate 
the  notion  that  4  C  is  the  optimum  temperature  for  blood  storage; 
actually,  this  idea  has  not  received  extensive  experimental  inquiry. 
Furthermore,  Individual  experiments  at  4  C  usually  require  prolonged 
periods  of  time  to  complete  (up  to  6  weeks  or  more).  Because  of  the 
variability  found  in  the  blood  of  individual  donors  and  the  multiple 
permutations  in  storage  conditions  and  preservation  media  that  may  re¬ 
quire  testing,  satisfactory  confidence  in  a  new  media  or  preservation 
idea  can  be  slow  in  developing.  Finally,  phenomena  important  to  the 
full  understanding  of  the  collection  and  storage  lesions  may  be  sup¬ 
pressed  or  imperfectly  developed  at  4  C.  Therefore, -the  objective  of 
this  work  unit  is  to  devise  accelerated  means  for  evaluating  blood 
preservatives  and  other  variables  affecting  red  cell  storage  in  order 
(1)  to  economize  on  valuable  technical  resources,  (2)  to  provide 
alternative  theoretical  approaches  to  understanding  the  deterioration 
of  red  cells  during  collection  and  storage,  and  (3)  to  develop  a  scien¬ 
tific  basis  for  determining  the  optimal  liquid  storage  temperature  of 
blood . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Rates  of  change,  expressed  as  the  time  in  days  required  to  double  (H+) 
or  halve  (DPG)  and  (ATF)  the  original  concentrations  of  the  constituents 
observed,  are  predictably  affected  by  the  storage  temperature  between 
37  and  4  C.  When  the  logarithm  of  •’he  rate  is  plotted  against  the 
reciprocal  of  the  absolute  temperature  (Arrhenius  relation),  a  linear 
relationship  is  obtained.  The  rationale  of  this  finding  »*nd  the  regu¬ 
larity  with  which  it  was  obtained  suggested,  first,  that  the  effects 
of  experimental  blood  preservatives  on  stored  blood  could  be  advanta¬ 
geously  examined  at  37  C,  where  changes  that  require  several  weeks  to 
develop  at  4  C  become  manifest  within  several  hours;  second,  that  be¬ 
cause  there  had  been  no  suggestion  of  a  change  in  “activation  energy" 
(i.e.,  the  slope  of  the  Arrhenius  plot)  over  the  temperature  range 
studied,  the  results  might  be  extrapoletable  to  the  freezing  point  of 
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blood  (about  -0.5  C) .  The  latter  speculation  implies  that  the  optimal 
storage  temperature  of  blood,  at  least  in  terms  of  organic  phosphate 
retention  and  suppression  of  H+  ion  accumulation,  was  lower  than  that 
in  common  use  (4  C) .  An  experimental  test  of  this  hypothesis  in  the 
temperature  range  between  0  and  8  C  confirmed  that  H+  ion  accumulates 
less  rapidly  at  0  C  (doubling  time  approximately  40  days)  than  at 
higher  temperatures  (doubling  time  approximately  27  days  at  4  C) .  In 
the  case  of  DPG  and  ATP,  however,  the  loss  of  these  compounds  appeared 
to  proceed  at  the  same  rate  at  0  C  as  at  4  C  (ATP  halved  in  30  days; 

DPG  in  15  days) .  Although  the  rate  of  change  (as  described  above)  for 
each  of  these  constituents  at  8  C  was  consistent  with  previous  findings, 
the  concentration  of  ATP  at  this  temperature  increased  markedly  during 
the  first  week  of  storage,  increases  of  ATP  in  blood  stored  in  CPD  are 
sometimes  noted  at  other  temperatures.  The  consistency  and  degree  to 
which  this  tendency  was  expressed  at  8  C  may  explain  earlier  findings 
that  had  indicated  chat  7-8  C  was  an  optimal  temperature  for  blood 
storage.  It  should  be  noted,  however,  that  after  approximately  one 
week  of  storage  at  chis  temperature,  the  rate  of  loss  of  ATP  is  con¬ 
siderably  faster  than  at  0  or  4  C.  Because  ATP  is  thought  to  be  an 
important  chemical  intermediate  in  relation  to  cell  deformability  and 
24-hour  in  vivo  survivability,  retention  of  this  constituent  might  be 
favoted  by  Initial  storage  of  blood  at  8  C  for  several  days  after  col¬ 
lection,  subsequent  storage,  if  necessary,  being  continued  at  lower 
temperatures  (0-4  c) . 

The  collection  lesion  apparently  results  from  the  various  physical  and 
chemical  manipulations  of  blood  taken  from  donors  for  storage  purposes. 
It  has  been  suggested  that  this  lesion  may  arise  during  tne  initial 
stages  of  blood  collection  when  the  prese^vat ive/blood  ratio  is  far 
from  its  designed  value.  During  the  collection  period  and  before  blood 
is  refrigerated,  pH  tends  to  be  much  lower  and  temperature  much  higher 
than  during  storage.  There  is  contradictory  evidence  on  whether  or  not 
ordinary  variation  in  the  time  required  for  collecting  and  processing 
blood  significantly  alters  the  quality  of  the  product;  but  it  is 
generally  conceded  that  inherent  (usually  unspecified)  differences  in 
blood  from  different  donors  does  have  an  important  effect  in  this  re¬ 
gard.  It  is  important  to  note  that  the  collection  lesion  manifests 
itself  most  prominently  after  relatively  prolonged  storage.  Conse¬ 
quently,  the  collection  lesion  problem  is  of  much  greater  concern  in 
situations  such  as  those  encountered  by  the  military  where  logistic 
requirements  extend  required  storage  times.  When  erythrocytes  are 
incubated  (37  C)  in  an  excess  of  CPD  to  simulate  the  conditions  to 
which  the  first  friction  of  cells  collected  from  a  donor  are  exposed, 
pH  rapidly  increases  (to  about  6.3)  from  3  low  starting  pH  of  about  6.0. 
This  unusual  pH  change,  opposite  that  observed  with  incubated  blood  hav¬ 
ing  normal  amounts  of  CPD,  Is  associated  with  a  tapid  decrease  in  DPG 
and  a  pronounced  increase  in  the  P5Q  of  oxyhemoglobin.  While  uncon¬ 
firmed  as  yet,  it  appears  reasonable  that  these  changes  are  a  result  of 
an  efflux  of  K+  ion  from  the  erythrocyte  and  an  uptake  of  both  Na+  and 
H+  ion.  When  these  cells  are  returned  to  plasma  or  buffers  in  the 


348 


alkaline  pH  range  (7.2-7.j',  they  have  an  enhanced  trnnsmembrane  pH. 

The  lower  ir.r  race !  lulnr  pH  apparently  accounts  for  the  increased  P^o 
that  is  observed  in  spite  of  the  extremely  low  UPG  values.  Under  con¬ 
ventional  blood  storage  conditions  (normal  CPU  and  4  C) ,  a  similar  lack 
of  correspondence  between  DPC  values  and  oxygen  affinity  has  been  ob¬ 
served  also,  particularly  in  the  first  week  or  two  of  storage.  Possibly, 
this  experimentally  produced  ''lesion"  also  occurs  when  standard  blood 
collection  and  storage  procedures  are  used. 

There  is  some  evidence  to  suggest  that  erythrocyte  age  may  play  a  role 
in  the  deterioration  process  that  occurs  during  the  collection  and 
liquid  storage  ot  blood.  Although  the  idea  has  been  challenged,  it 
would  appear  that  the  matter  has  not  actually  received  much  experimental 
attention.  It  is  generally  agreed,  however,  that  the  deterioratl*.,,  ir 
aging  of  erythrocytca  during  storage  is  different  from  the  normal  aging 
that  occurs  in  vivo.  For  these  reasons,  an  attempt  is  being  made  to 
invest Igaco  this  problem  by  segregating  cells  according  to  age  with 
high  speed  centrifugation  and  subsequently  following  Che  effects  in 
these  segregated  cells  of  various  storage  conditions  at  elevated  tem¬ 
peratures.  There  are  numerous  physical,  chemical,  and  functional  dif¬ 
ferences  bet*.,  n  voung  and  old  cells,  and  It  seems  hypothetically 
reasonable  tl  they  may  respond  differently  to  various  storage  environ¬ 
ments.  Our  data  Indicate,  for  instance,  that  oxygen  affinity  (P50  ani* 
n) ,  de  formabi  1  i  tv ,  and  vlscosltv  vary  greatly  between  voting  and  old 
cells.  The  functional  attributes  of  mixtures  of  young  and  old  cells, 
moreover,  appear  to  reflect  the  averaged  attributes  of  the  individual 
cells,  but  these  "averages”  can  be  Insensitive  to  gross  functional  and 
chemical  changes  in  the  various  age  groups.  A  similar  problem  can  exist 
in  attempting  to  optimize  the  quality  and  extend  the  storage  period  of 
preserved  blood  by  measuring  "average”  biochemical  changes  when  the 
Important  alterations  actually  may  be  restricted  to  erythrocytes  of  a 
certain  age  group. 

CONCUR  IONS 

1.  Storage  of  CPD-pieserved  blood  at  0  C  diminishes  the  rate  of  accumu¬ 
lation  of  fixed  a. id  and  for  this  reason,  0  C  storage  should  improve  the 
quality  of  transfused  blood,  particularly  when  t  Ir  is  blood  ,s  stored  for 
long  periods. 

2.  High  temperatures  can  be  used  to  screen  potentially  useful  preser¬ 
vative  mixtures,  thcrebv  affording  great  econorev  of  experimental  re¬ 
sources  and  accentuating  phenomena  possibly  related  to  the  collection 
and  storage  lesions. 

}■  Large  changes  In  blood  quality  can  occur  as  a  result  of  its  exposure 
to  excess  DM)  preservative  during  collection. 


349 


RECOMMENDATIONS 


In  vivo  survivability  of  blood  stored  at  0  C  uhould  be  tested  and  com¬ 
pared  with  4  C  blood.  Because  of  the  departure  from  LAIR  of  the  co- 
investigator,  this  aspect  of  the  work  unit  has  not  been  accomplished. 
Efforts  are  being  made  to  find  a  replacement  medical  officer  able  to 
perform  such  measurements. 

A  modified  means  of  collecting  blood  that  avoids  exposure  to  excess 
preservative  should  be  explored. 

PUBLICATIONS 

1.  NEVILLE,  J.R.,  T.A.  BENS1N0ER,  and  T.r.  ZUCK.  Effect  of  tempera¬ 
ture  on  blood  storage.  (Abstract)  Transfusion  1 6 : S 1 7 ,  1977 

2.  NEVILLE,  J.R.  Erythrocyte  age  and  shape  of  the  oxygen  dissociation 
curve.  (Abstract)  hi:  l’roc  of  the  International  Union  of  Physiologic 
Science  XIII,  1977.  p  548 
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23.  (tO  Because  their  administration  la  extremely  haiardous  In  subject*  with  scut*  hypo¬ 
volemia,  anesthetic  agents  are  avoided  In  injured  civilians  prior  to  replacement  of 
blood  volume.  However,  timely  combat  injury  cars  in  field  settings  frequently  requlreo 
anesthetic  administration  to  soldiers  with  incompletely  replaced  blood  loss*  The  objec¬ 
tive  of  this  work  unit  is  to  establish  physiologic  dats  on  the  effect*  of  anesthesia 
during  acute  hypovolemia.  These  data  will,  permit  appropriate  selection  of  preaedica- 
tlons,  anesthetic  agents  and  adjuncts,  and  anesthetic  procedure*  for  field  use.  Re¬ 
quirements  for  anesthet (e-rclated  equipment  for  field  use  also  must  be  Identified,  and 
available  equipment  evaluated. 

24.  (O  The  effects  of  preaedlcatlons ,  anesthetic  agents,  anesthetic  adjuncts  during 
hypovolemia,  with  and  without  voluae  'eplaecment,  and  their  Interactions  on  cardiopul¬ 
monary  function  will  be  studied  In  dog*.  The  influence  of  these  factors  on  the  cardio¬ 
vascular  system  will  *l*o  be  studied  in  dogs  and  swine.  Attempts  will  be  made  to  deter¬ 
mine  the  applicability  of  the  dats  from  these  studies  to  the  combat-injured  soldier. 

25.  <V>  77  10  -  78  09  Several  anesthetic  agents  have  been  investigated  for  their  com¬ 
parative  ability  to  support  cardiopulmonary  function  during  hypovolemia.  Although 
Vetaaine  stimulate*  the  cardiovascular  system  during  normovolemia,  there  are  no  cardlo- 
var.-ul.ir  difference*  between  halothane  and  ketamine  with  loss  of  30?  of  total  blood 
voluRo.  At  30S  blood  loss,  ketamine  resulted  in  substantial  metabolic  acidosis,  while 
th^re  was  no  detectable  acidosis  with  halcthan*.  In  the  swine  cardiopulmonary  bypass 

, model,  morphine  failed  to  alter  left  ventricular  function  or  myoesrdial  metabolism; 
na l -thane  depressed  left  ventricular  function  and  myocardial  oxygen  consumption  equally 
’-ifi.’ui  resultant  anaerobic  metabolism.  The  nnaa  of  the  work  unit  h«»  been  changed  to 
-.  re  'lo.irly  reflect  the  nature  of  the  research.  tei 
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ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trauna  and  Resuscitation 

WORK  UNIT  NO.  008  Anesthetic  Management  and  Perioperative 

Care  of  the  Acutely  Wounded  Soldier 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Selection  of  anesthetic  agents  for  administration  to 
the  acutely  wounded  soldier 

STUDY  NO.  2  Evaluation  of  myocardial  performance  during  anesthesia 

STUDY  NO.  3  Evaluation  of  tri-service  experimental  portable  volume 
respirator 

STUDY  NO.  4  Basic,  studies  in  acid-base  balance  of  human  blood  and 
laboratory  animal  blood 

STUDY  NO.  1  To  provide  the  anesthesiologist  with  information  regarding 
the  comparative  cardiorespiratory  effects  of  anesthetic  agents  during 
moderate  hemorrhage,  we  have  initiated  a  series  of  experiments  in 
chronically  maintained  dogs.  We  have,  thus  far,  studied  halothane  1 .0% 
and  ketamine  at  the  minimal  anesthetic  dose.  During  normovolemia, 
ketamine  produced  a  relative  hyperdynamic  cardiovascular  state.  With 
302  blood  loss,  there  were  no  cardiovascular  differences  between  halo¬ 
thane  and  ketamine  anesthetized  dogs;  however,  with  ketamine,  oxygen 
consumption  was  increased  and  a  metabolic  acidosis  resulted. 

STUDY  NO.  2  To  provide  comparative  data  for  anesthetic  agent  effect 
on  heart  function  and  metabolism,  we  have  utilized  the  swine  right 
heart  pulmonary  by-pass  model.  The  model  allows  for  controlled  heart 
rate,  pre-load,  and  after-load.  Morphine  sulfate  did  not  change  myo¬ 
cardial  function  or  metabolism.  Halothane  resulted  in  a  452  decrease 
in  stroke  volume  and  oxygen  consumption,  without  alterations  in  lactate 
extraction  or  arterial  coronary  sinus  base-excess. 

STUDY  NO.  3  We  are  testing  a  tri-service  portable  volume  controller 
ventilator  received  from  the  U.S.  Naval  Medical  Research  and  Develop¬ 
ment  Command.  Bench  tests  have  indicated  that  the  ventilator  meets  its 
major  specifications.  Completion  of  bench  testing  and  animal  testing 
awaits  replacement  of  component'?. 

STUDY  NO.  4  To  evaluate  properl)  the  data  accumulated  In  Studies  Nos. 

1  and  2,  it  has  been  necessary  to  provide  data  regarding  the  acid-base 
chemistry  of  swine,  canine,  and  hiasan  blood.  The  base-excess  correc¬ 
tion  coefficient  (related  to  the  Haldane  coefficient)  for  canine  blood 
was  found  to  be  approximately  34Z  higher  than  human  blood.  Swine  log 
PC02-pH  curve  and  base-excess  allgniwnt  nomograms  have  been  constructed. 
Slullar  hiasan  nomograms  are  being  constructed. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  008 


STUDY  NO. 


Anesthetic  Management  and  Perioperative 
Care  of  the  Acutely  Wounded  Soldier 

Selection  of  anesthetic  agents  for 
administration  to  the  acutely  wounded 
soldier 


PROBLEM 

The  physiological  effects  of  many  of  the  currently  used  anesthetic 
agents  are  known  in  great  detail  in  both  laboratory  animals  and  humans. 

However,  little  information  is  available  regarding  the  physiological 
effects  of  these  agents  during  states  of  deranged  physiology.  This  is 
especially  true  regarding  the  effect  of  anesthetic  agents  during  the 
hypovolemic  state.  This  lack  of  knowledge  is  most  likely  the  result 
of  usual  civilian  practice  of  restoring  blood  volume  tc  normal  prior 
to  Induction  of  anesthesia.  In  the  vast  majority  of  civilian  injuries, 
this  is  not  only  desirable  but  possible.  Unfortunately,  the  nature  and 
extent  of  many  military  injuries  require  induction  and  maintenance  of 
anesthesia  in  an  acutely  hypovolemic  soldier  in  order  that  a  surgical 
procedure  may  be  performed  to  prevent  further  blood  loss  and  allow 
restoration  of  blood  volume .  The  choice  of  anesthetic  agents  in  this 
situation,  at  the  current  time,  can  only  be  based  upon  anecdotal  infor¬ 
mation,  personal  preferences,  and  experience  of  the  anesthesiologist, 

RESULTS  AND  DISCUSSION  OF  RESULTS 

We  have  embarked  upon  a  series  of  experiments  to  provide  data  comparing 

several  anesthetic  agents  for  their  ability  to  preserve  physiological  ; 

function  during  moderate  hypovolemia.  In  chronically  maintained  , 

splenectomized  dogs  who  have  been  provided  with  chronic  tracheostomies  j 

and  exteriorized  carotid  arteries,  we  have  evaluated  cardiorespiratory 

function  during  graded  hypovolemia.  The  dogs  were  anesthetized  with  j 

halothane  on  one  occasion,  which  was  maintained  at  an  end-tidal  concen-  j 

trntlon  of  1.02,  and  on  a  second  occasion  with  ketamine,  which  was  I 

administered  via  an  Intravenous  drip  at  the  minimal  dose  required  to  j 

maintain  anesthesia.  Step-wise  reductions  of  10,  2C,  and  302  of  each 

dog's  blood  voluuw  were  successively  made.  During  halothane  anesthesia, 

graded  hemorrhage  to  302  caused  a  significant  fall  in  mean  arterial 

blood  pressure,  cardiac  output,  stroke  work,  minute  work,  and  oxygen  j 

transport.  The  stimulus  provided  by  ketamine  during  normovolemia  pro-  ! 

duced  significantly  higher  values  for  these  parameters  than  were  I 

measured  during  halothane  anesthesia.  Theoe  values  fell  during  graded 

hemorrhage  so  that,  with  ket&mine  nt  302  blood  loss,  blood  pressure, 

cardiac  output,  stroke  volume,  stroke  work,  minute  work,  and  oxygen 

transport  were  not  different  from  the  value*  at  302  blood  loss  with 

halothane,  despite  a  significantly  higher  heart  rato  that  had  not 

changed  with  hemorrhage,  Mean  pulmonary  arterial  pressure  decreased 
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progressively  with  hemorrhage,  but  was  significantly  different  between 
ketamine  and  halothane.  Oxygen  consumption  was  significantly  higher 
with  ketamine  anesthesia  than  with  halothane  anesthesia  during  normo¬ 
volemia  and  during  all  levels  of  hypovolemia.  Hemorrhage  to  30%  did 
not  alter  oxygen  consumption  from  the  normovolemic  values  with  either 
anesthetic  agent.  Despite  the  fall  in  oxygen  transport  and  the  sus¬ 
tained  oxygen  consumption  with  hemorrhage,  no  change  in  base-excess 
was  detected  during  halothane  anesthesia.  During  normovolemia,  base- 
excess  with  ketamine  was  not  different  from  halothane.  Base-excess 
decreased  progressively  with  hemorrhage  during  ketamine  and  was  signif¬ 
icantly  less  at  all  levels  of  oligemia  than  during  halothane.  We  con¬ 
clude  that  the  cardiorespiratory  stimulation  provided  by  ketamine  dur¬ 
ing  normovolemia  lessens  with  307.  blood  loss.  This  resulted  in  appar¬ 
ently  inadequate  compensation  for  the  increased  oxygen  consumption  and 
created  a  progressive  metabolic  acidosis.  The  latter  was  reflected  in 
a  progressively  decreasing  base- excess,  which  we  did  not  detect  dut ing 
equivalent  hypovolemia  with  halothane. 

CONCLUSIONS 

Ketamine  appears  to  have  adverse  metabolic  effects  when  used  for 
maintenance  of  anesthesia  during  moderate  hypovolemia.  We  did  not 
detect  such  adverse  effects  with  the  use  of  halothane. 

RECOMMENDATIONS 

Rccoranendat Ion  for  choice  of  anesthetic  agent  given  to  an  injured  sol¬ 
dier  cannot  be  made  until  the  effects  of  other  anesthetic  agents  arc 
compared  with  the  effects  of  halothane.  Therefore,  it  is  recommended 
that  (1)  further  physiological  studies  be  carried  out  to  assess  physio¬ 
logical  effects  of  halothane  during  graded  hypovolemia;  (2)  other 
anesthetic  agents  be  similarly  investigated  so  that  their  effects  may 
be  compared  with  the  effects  of  halothane,  and  (3)  offer  information  to 
enable  anesthesiologists  to  make  a  more  rational  choice  regarding  the 
proper  anesthetic  agent  for  use  in  the  anesthetization  of  the  acutely 
wounded  soldier. 
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STUDY  NO. 


2 


Evaluation  of  myocardial  performance 
during  anesthesia 


PROBLEM 

Although  anesthetic  agents  are  generally  considered  myocardial  depres¬ 
sants,  firm  physiological  data,  with  all  appropriate  variables  con¬ 
trolled,  are  not  available.  We  have  therefore  undertaken  a  series  of 
experiments  to  provide  such  data. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Myocardial  effects  of  anesthetic  agents  are  being  evaluated  in  the 
right  heart  pulmonary  bypass  swine  model  (see  LAIR  Work  Unit  No.  012). 
Fifteen  swine  were  divided  into  three  equal  groups.  All  swine  were 
anesthetized  by  conduct  '->n  anesthesia.  During  the  test  periods  in  one 
group,  conduction  ar  cS.ia  was  continual;  to  the  second  group,  10 
mg/kg  morphine  was  administered;  to  the  till rd  group,  0.5Z  halothane 
was  administered.  At  constant  after- load  (mean  arterial  pressure 
65  torr)  and  constant  pre-load  (left  ventricular  end  diastolic  pressure 
14  torr),  there  was  no  significant  change  in  left  ventricular  stroke 
volume  during  the  experimental  period,  in  comparison  to  the  control 
period  when  no  anesthetics  were  added  to  conduction  anesthesia.  The 
addition  of  morphine  (10  mg/kg  added  to  the  extracorporeal  circulation 
circuit)  did  not  significantly  alter  myocardial  performance .  Addition 
of  halothane  0.52  depressed  stroke  volume  by  432.  Tills  halothane-induced 
depression  was  significantly  different  from  the  lack  of  change  in  cither 
the  conduction  anesthesia  group  or  the  group  to  which  morphine  had  been 
administered.  Coronary  blood  flow  during  the  working  period  as  measured 
directly  by  coronary  sinus  drainage  did  not  change  in  any  of  the  3 
groups.  Myocardial  oxygen  consumption  did  not  change  in  either  the 
control  group  or  in  the  group  to  which  morphine  had  been  administered. 
Administration  of  halothane  caused  a  45Z  reduction  in  myocardial  oxygen 
consumption.  This  decrease  in  oxygen  consumption  was  significantly 
different  from  the  response  of  the  other  2  groups.  Values  for  myo¬ 
cardial  lactate  extraction  did  not  change  in  any  of  the  3  groups,  nor 
were  there  statistically  significant  differences  among  the  3  groups. 
Similarly,  arter ifll-r<v-nmrv  rtnu*  base-excess  differences  did  not 
change  between  the  control  and  test  periods  in  any  of  the  3  groups. 

CONCLUSIONS 

We  conclude  that  In  the  swine  left  ventricular  preparation,  with  con¬ 
trolled  heart  rate,  pre-load,  after-load,  arterial  blood  gases,  and 
pH,  that  (a)  morphine  sulfate  10  mg/kg  does  not  alter  coronary  blood 
flow,  myocardial  oxygen  consumption,  or  myocardial  performance  (stroke 
volume);  (b)  halothane  0.5Z  does  not  alter  myocardial  blood  flow  but 
reduces  equally  both  myocardial  oxygen  consumption  and  stroke  volume 
by  approximately  one-half;  (c)  lack  of  alteration  of  myocardial  lactate 
extraction  tends  to  indicate  that  neither  morphine  nor  halothane. 
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within  the  limits  of  this  experimental  model,  result  in  detectable  rayo- 
cardial  anaerobic  metabolism. 

RECOMMENDATIONS 

It  is  reconnended  that  further  physiological  studies  be  carried  out  to 
assess  the  relative  influences  of  other  anesthetic  agents  upon  myocar¬ 
dial  performance  and  metab-iisra. 
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STUDY  NO.  3  Evaluation  of  tri-service  experimental 

portable  volume  respirator 

PROBLEM 

All  3  uniformed  military  services  have  recognized  the  need  for  a 
portable  volume  controlled  ventilator  capable  of  ventilating  Injured 
military  personnel  while  in  the  field,  during  any  one  of  the  many  modes 
of  transportation  and  evacuation,  as  well  as  in  the  hospital  environ¬ 
ment.  Currently,  commercially  available  ventilators  cannot  meet  these 
requirements.  As  a  result,  primarily  through  the  Office  of  Naval 
Research,  General  Electric  Re-entry  and  Environmental  Systems  Division 
has  produced  an  experimental  ventilator  designed  to  meet  these  needs. 
Twelve  prototypes  have  been  produced.  This  prototype  now  requires  full 
laboratory  and  clinical  testing  prior  to  acceptance  by  the  3  services 
for  production  and  deployment. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Through  the  U.S.  Naval  Medical  Research  and  Development  Command,  this 
laboratory  has  received  for  evaluation  for  the  U.S.  Army  Medical 
Research  and  Development  Command  a  prototype  model  of  the  tri-service 
experimental  portable  volume  controlled  respirator.  We  have  completed 
the  majority  of  required  bench  testing,  and  the  ventilator  seats  its 
specifications  in  all  major  aspects.  There  have  been  several  siajor 
failures  of  the  ventilator  which  have  required  long  delay  periods  for 
repair.  Both  oxygen  sensors  in  the  ventilator  have  failed,  and  addi¬ 
tional  studies  are  suspended  awaiting  receipt  from  USNMRDC  of  replace¬ 
ment  oxygen  sensors. 


fit 


CONCLUSIONS 


None 

RECOMMENDATIONS 


Bench  testing  should  be  completed  and  animal  testing  should  be  initiated 
upon  the  receipt  of  replacement  oxygen  sensors. 

PUBLICATIONS 


None 

STUDY  NO.  4  Basic  studies  in  acid-base  balance 

of  human  blood  and  laboratory  animal 
blood 


PROBLEM 


In  order  to  assess  appropriately  the  data  accumulated  in  Studies  Nos.  1 
and  2,  the  acid-base  relationships  of  the  laboratory  animals  used  must 
be  known.  Such  information  is  net  available.  This  study  will  provide 
the  basic  physlochemical  data  for  dog,  swine,  and  human  blood. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


To  support  the  animal  research  indicated  in  Studies  Nos.  1  and  2,  we 
have  examined  basic  acid-base  parameters  of  canine  and  swine  blood. 

We  have  determined  that  the  oxygen-linked  hydrogen  ion  binding  of 
canine  hemoglobin  is  different  from  that  of  human  hemoglobin,  the  base- 
excess  correction  factor  being  approximately  342  greater  than  that  for 
human  blood  (0.26  raF.q/1  per  gram  desaturated  hemoglobin).  We  have 
constructed  an  acid-base  nomogram  for  pig  blood  (hemoglobin  independent 
curve  plot  of  log  PC02  versus  pH),  ami  have  found  this  plot  to  be 
significantly  different  from  the  accepted  standard  for  human  blood. 

We  are  currently  developing  acid-base  alignment  nomograms  for  both 
awinc  and  human  blood. 

CONCLUSIONS 

None 

RECOlfiEND AT  IONS 


The  study  should  be  continued  until  completion. 
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i3.  (U)  Coobat  Injuries  produce  a  uniquely  severe  fors  of  stress  to  normal  metabolism. 
Within  dnvs  following  significant  coobat  injury,  up*  to  217,  of  bodv  muscle  mass  may  be 
lost.  Improved  techniques  of  metabolic  support  may  olnlairc  this  deleterious  bodv  com¬ 
positional  change,  maximize  wound  healing,  and  reduce  norbiditv.  The  objective  of  these 
studies  is  to  develop  optimal  post-trauaat lc  metabolic  sunnort  techniques  and  foraulae 
to  facilitate  rapid  return  to  dutv. 

24.  <U>  An  In  vitro  perfused  rodent  hind  liafc,  wounded  to  simulate  combat  injury,  has 
been  prepared.  Using  this  preparation,  wc  can  stud1,  the  effects  of  the  post-traumatic 
hormonal  stlicu  on  normal  and  wounded  muscle  substrate  utilisation,  and  can  design  a 
post-trauaat  ic  regimen  which  can  he  deployed  tr.  field  settings.  It  is  planned  to  test 
the  metabolic  support  formulae  In  higher  animals  and  in  traumatised  man. 

25.  (U)  77  10  -  78  09  Carrageenan  injections  into  the  muscle  of  the  rat  hind  limb  re¬ 
sult  in  a  severe  Inflammatory  response  progressing  to  fibrosis  that  simulates  histolo¬ 
gical  and  metabolic  changes  following  combat  injure.  A  stroma-free  hemoglobin  solution 
has  been  evaluated  as  a  proposed  substitute  foi  a  standard  perfusate  by  examining  tissue- 
concentrations  of  adenine  nucleotides,  lactate/pyruvate  and  f -hvdrox-butvrate/aceto- 
acetatc  ratios.  This  solution  is  not  an  acceptable  substitute  for  tae  standard  perfu¬ 
sate.  Efficiency  of  protein  utilization  has  been  shown  to  be  improved  by  increasing  the 
ratio  of  nonprotein  calories  to  nitrogen  In  parenteral  nutrition  solutions  above  325/1. 
The  Nutritional  Support  Service  has  now  provided  over  6000  dnvs  of  care  for  mere  than 
300  patients.  These  critically  111  patients  have  provided  a  valuable  base  of  informa¬ 
tion  regarding  the  practical Itv  of  safe  implementation  and  monitoring  of  intravenous 
nutritional  support  under  coobat  conditions. 

3S9 


ABSTRACT 

PROJECT  NO.  3S762772A814  Military  Trauaa  and  Resuscitation 

WORK  UNIT  NO.  009  Metabolic  Support  Following  Combat 

Injury 

The  following  investigations  are  being  conducted  under  this  work  unit: 

STUDY  NO.  1  Metabolic  support  following  couv,at  injury  i 

STUDY  NO.  2  Effects  of  the  ratio  of  carbohydrate  calories  to  pro¬ 
tein  supplied  intravenously  in  minimizing  body  compo-  j 

sitional  loss  following  combat  injury  j 

i 

STUDY  NO.  3  Effects  of  surgical  dressings  and  procedures  on  skin  I 

bacteria  surrounding  venous  catheters  1 

i 

STUDY  NO.  1  A  model  has  been  developed  in  180  to  200  g  male  rats  which  j 

permits  isolation  of  skeletal  muscle  metabolism  apart  from  the  remainder  • 

of  the  animal.  As  a  consequence,  the  influence  of  neurohumoral  control  | 

and  substrate  supply  on  skeletal  muscle  metabolism  can  be  carefully  ' 

controlled.  Initial  evaluation  of  the  preparation  involved  determina¬ 
tion  of  the  presence  of  adequate  perfusion  and  normal  hormonal 
sensitivity. 

Subsequently,  an  isolated  perfused  muscle  wound  model  has  been  devel¬ 
oped  by  using  carrageenan  injections  into  muscle.  This  preparation 
appears  to  be  histologically  and  metabcl ically  similar  to  a  healing  ; 

wound;  thus,  a  setting  has  been  created  whereby  a  study  of  hormone  ; 

substrate  interrelationships  in  wound  healing  in  combination  with  the 
effects  on  normal  muscle  can  be  made. 

Stroma-free  hemoglobin  solutions  (SHIS)  have  been  evaluated  as  a  sub¬ 
stitute  for  erythrocytes  in  isolated  perfused  organ  systems.  These 
solutions  have  been  unable  to  maintain  :is3uc  oxygenation  at  SFHS  con¬ 
centrations  low  enough  to  prevent  hemoglobin  precipitation  In  the  per¬ 
fusion  apparatus. 

STUDY  NO.  2  Four  rhesus  monkeys  (Macaco  mulatto)  were  chaired  to  allow  I 

continuous  intravenous  infusion  of  nutrient  solutions  designed  to  re-  j 

place  the  monkey's  dally  dietary  regimen.  Initial  problems  with  cathe¬ 
ter  placement  and  dietary  requirements  were  encountered;  hence  extensive 
*  nvesti gat ions  of  caloric,  protein,  and  micronutrient  requirements  of 
chaired  versus  unrestrained  monkeya,  and  modifications  of  catheter 
placement  have  become  necessary.  These  problems  were  followed  by  the 
development  of  severe  pulmonary  infections  necessitating  the  abandon¬ 
ment  of  this  model.  However,  data  derived  from  isolated  liver  perfu¬ 
sions  demonstrated  a  specific  effect  ot  carbohydrate  to  improve  effi¬ 
ciency  of  nitrogen  utilization  (which  further  supports  the  basic  concept). 

: 
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STUDY  NO.  3  A  study  is  now  underway  to  determine  the  optimal  techniques 
for  central  venous  catheter  dressing  care.  A  specially  designed  dress¬ 
ing  tray  that  can  be  easily  adapted  to  combat  conditions  is  being 
evaluated . 

ADDENDUM.  Tasks  under  the  protocol  "Studies  in  Combat  Wound  Healing” 
(Project  No.  3S762772A814 ,  work  unit  No.  010,  terminated  30  September 
1977)  of  LTC  Stuart  Gourlay  have  been  incorporated  to  prevent  waste  of 
substantial  supplies  ordered  prior  to  his  departure.  These  studies 
have  demonstrated  a  possible  role  of  essential  fatty  acids  in  drug 
metabolism  and  an  apparent  role  in  membrane  proliferation.  In  addition, 
it  has  been  found  that  the  type  of  far.-free  intravenous  substrates 
supplied  affects  essential  fatty  acid  metabolism  or  distribution. 
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WORK  UNIT  NO.  009 

STUDY  NO.  1 

PROBLEM 


BODY  OF  REPORT 

Metabolic  Support  Following  Combat 
Injury 

Metabolic  support  following  coc-oct 
injury 


Combat  injuries  present  the  most  pronounced  example  of  stress  metabolism. 
The  response  to  this  type  of  trauma  is  one  of  extreme  catabolism  which 
often  results  in  body  compositional  losses  of  over  1  kg  (2.2  lb)  dally. 
These  compositional  changes  reflect  losses  of  stored  carbohydrate 
(glycogen),  triglycerides  (subcutaneous  fat),  and  muscle  mass,  which 
are  rapidly  utilized  for  energy  by  the  altered  post-trauma  metabolism. 

Body  fat  is  considered  an  efficient  form  of  stored  calories,  and  its 
utilization  for  this  end  during  periods  of  high  caloric  requirements, 
is  not  generally  considered  detrimental.  However,  muscle  is  an  impor¬ 
tant  structural  element  and,  as  a  consequence,  relativelv  small  losses 
of  muscle  mass  result  in  significant  alterations  in  total  body  function. 
With  severe  injury,  the  loss  of  body  nitrogen  is  accelerated  from  3  to 
5  g  per  day  (the  loss  during  times  of  simple  starvation)  to  a  range  of 
15  to  30  g  per  day  for  several  days.  The  loss  of  nitrogen  is  reflected 
by  loss  of  muscle  mass;  therefore,  with  severe  injury,  the  loss  of 
nitrogen  represents  450  to  900  g  loss  of  muscle  mass.  Caloric  supply 
during  this  period  will  spare  body  fat  but  is  thought  to  have  little 
effect  on  loss  of  body  nitrogen.  Loss  of  limb  muscle  mass  leads  to 
marked  weakness  and  Impaired  mobility.  Loss  of  intercostal  and  dia¬ 
phragmatic  muscle  mass  leads  to  inability  to  clear  bronchial  secretions 
and  may  result  in  pneumonia  and  death. 

The  interrelationship  between  the  general  biochemistry  of  injury  and 
convalescence  and  the  local  changes  of  wound  healing  has  not  been 
investigated  in  detail.  It  is  known  that  early  wound  healing  will 
occur  during  a  period  of  negative  energy  balance,  i.e.,  general  catabo¬ 
lism.  There  is  clearly  a  high  biological  priority  of  the  wound  in  the 
early  days  and  weeks  after  injury.  This  favored  biological  priority, 
h.wevcr,  is  transient.  One  to  two  weeks  following  trauma,  there  is  of 
necessity  a  prolonged  phase  of  protein  synthesis  and  lipogenesi3  to 
restore  tissue  mass  to  normal.  At  this  point,  if  intake  of  foodstuffs 
can  be  resumed,  wound  healing  moves  normally  toward  completion.  If, 
however,  there  is  prolonged  starvation  and  continued  catabolism,  the 
wound  must  begin  to  compete  with  other  tissues  for  substrate,  and  wound 
healing  begins  to  suffer  severely. 

* 

The  objective  of  this  investigation  is  to  develop  a  specific  therapeutic 
regimen  for  post -trauma tic  metabolic  support  that  will  facilitate  the 
rate  of  wound  healing  while  minimizing  body  compositional  cnangi't.  The 
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steps  necessary  to  accomplish  this  objective  are  as  follows: 

(1)  investigation  of  the  effect  of  the  post-trauma  hormonal  milieu  on 
substrate  utilization  by  normal  muscle;  (2)  investigation  of  substrate 
utilization  by  wounded  muscle  and  the  alterations  in  this  utilization 
by  the  post-trauma  hormonal  abnormalities;  (3)  design  of  a  post-trauma 
therapeutic  regimen  based  on  steps  1  and  2  that  will  maximize  the  rate 
of  wound  healing  while  minimizing  muscle  compositional  changes; 

(4)  investigation  of  this  formula  in  traumatized  dogs  and  nonhuman 
primates;  (5)  inve.  tlgation  of  this  formula  in  traumatized  man;  and 
(6)  modification  of  this  formula  a*  necessary  for  feasibility  of  uso 
under  combat  conditions. 

RESULTS  AND  DISCUSSION  OK  RESULTS 

The  first  phase  of  thir  stn'y  Involved  development  of  the  experimental 
nodel  to  study  muscle  metaLclism  in  situ.  The  Isolated  perfused  rat 
hindquarter  technique  was  evaluated  for  viability  and  effect  of  insulin 
on  glucose  clearance. 

The  second  phase  of  this  study  involved  the  development  of  an  Isolated 
p>  .fused  wounded  rodent  hlndlimb  model  that  would  simulate  both  meta- 
bollcally  and  histologically  a  healing  combat  injury.  The  objective 
was  to  replace  as  much  muscle  mass  as  possible  with  the  wound  without 
interfering  appreciably  with  blood  flew.  Three  types  of  experimental 
wounds  were  evaluated  as  to  their  effect  on  animal  weight  change  fol¬ 
lowing  wounding  and  gross  anatomical  replacement  of  muscle  maas  with 
fibrous  tissue.  All  three  techniques  produce?  an  obvious  ii.f lammatory 
reaction.  Although  the  Ivalon  sponge  and  stainle.."  steel  wound  chamber 
techniques  produced  a  localized  response,  it  was  technically  difficult 
to  place  sufficient  numbers  of  these  devices  in  the  hlndlimb  because 
placement  of  large  numbers  of  these  devices  required  removal  of  muscle 
mass  to  the  point  o»  vascular  Impairment.  Carageenan  injections,  how¬ 
ever,  allowed  uniform  distribution  of  the  wounding  agent  without  vascu¬ 
lar  injury.  Carrageenan  injections  caused  marked  weight  loss  which  was 
dose  dependent  and  abated  with  wound  healing.  Food  consumption  did  not 
appear  to  be  impaired  *<  these  animals.  Histologically,  the  postwound 
effects  of  carrageenan  showed  marked  inflammatory  responses  that  slowly 
progressed  to  fibrosis. 

Since  substrate  utilization  in  any  perfuned  system  is  dependent  to  a 
significant  degree  upon  perfusate  flow  rate,  it  was  necessary  to  demon¬ 
strate  that  the  wound  did  zijt  interfere  with  flow  rate.  Evidence  indi¬ 
cates  that  the  wound  did  not  lnr*rfere  with  the  flow  rate  (IX  carra;*e- 
nKA;  9.fSzU. 2  iXsSEK)  versus  a  ntrol  9.94Z0.1  ml/min  and  1.5X 
car ragmen on  10.J70.2  versus  control  9.4i0.25  ml/min).  No  edeau  or 
hematoma  formation  occurred  during  perfusion. 


Preliminary  perfusion  date  demonstrate  a  definite  increase  in  glucose 
clearance  by  the  wounded  hlndlimb  in  the  «sbf?  vee  of  insulin,  from 
0.775  ml/min  in  a  5-d*y  old  wound  to  1.349  ml/min  in  a  14-day  old 
wound. 
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CONCLUSIONS 


Preliminary  data  Indicate  the  feasibility  of  a  perfused  wound  prepara¬ 
tion  that  has  the  characteristics  of  (1)  replacement  of  a  major  portion 
of  the  hindlimb  with  a  metabolically  active  wound,  (2)  no  interference 
with  perfusate  flow  rate,  (3)  a  significant  injury  to  the  animal.  With 
further  development,  this  preparation  should  obviate  many  of  the  diffi¬ 
culties  encountered  by  other  investigators  in  this  area  and  allow 
hormone-substrate  interrelationships  to  be  studied  for  the  first  time 
with  ease  in  a  healing  wound. 

RKCOMMI'NUAT  I ONS 

1.  The  concentration  of  carrageenan  should  be  altered  slightly  to 
reduce  the  inflammatory  response,  thur,  proliferation  of  fibrous  tissue 
could  occur  more  rapidly.  This  should  allow  the  time  sequence  for 
wound  healing  to  upproach  the  intervals  found  by  other  investigations. 

2.  In  vivo  hormone-substrate  interrelat ionships  in  these  carrageenan 
wounded  animals  should  be  character lzeds . 

5.  The  flow  distribution  in  the  perfused  wound  preparation  and  the 
substrate  utilization  by  the  preparation  should  be  characterized. 

A.  After  baseline  determinations  are  made  the  experiments  as  originally 
outlined  under  this  project  protocol  should  be  initiated. 


The  third  phase  of  this  project  involved  the  evaluation  of  a  stroma- 
free  hemoglobin  solution  (SFHS)  ns  a  substitute  for  the  standard 
perfusate. 

Carbohydrate  metabolism  is  altered  in  metabolically  active  wounds  so 
that  anaerobic  metabolism  with  resultant  lacrate  production  Is  favored. 
As  n  consequence,  it  will  be  necessary  to  separate  lactate  formation 
from  the  isolated  perfused  wound  model  from  that  of  the  eryt’  rocytes  of 
the  perfusate.  One  method  to  obviate  this  problem  would  be  to  utilize 
a  cell- free  oxygen-carrying  source. 

Due  to  the  number  of  animals  required  for  these  experiments,  the  pre¬ 
vious  experience  in  our  department  with  electron  microscopy  of  livers 
from  animals  exchanged  with  SFHS  and  the  greater  technical  eaae  of 
liver  perfusion,  the  isolated  perfused  rat  liver  was  choaen  as  a  model 
to  evaluate  SFHS  as  a  substitute  for  the  standard  perfusate.  Hepatic 
concentrations  of  ATP,  ADP,  AMP,  lactate,  pyruvate,  B-hydroxybutyrate, 
and  acetoace*ate  were  determined  and  combined  with  electron  microscopy 
to  evaluate  the  ability  of  SFHS  to  maintain  adequate  tissue  oxygena¬ 
tion.  Prior  to  these  experiments,  the  validity  of  the  analyses  were 
evaluated  by  comparing  alterations  produced  in  the  liver  following 
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2  »in  of  nitrogen  inhalation  versus  inhalation  of  room  air  in  pheno- 
barbital  anesthetized  rats.  Lactate/pyruvate  concentration  ratios, 

ATP,  ADP ,  and  AMP  concentrations,  and  adenylate  energy  charge  corre¬ 
lated  well  with  tissue  hypoxia. 

Following  this  preliminary  experiment,  24-h  fasted  rats  were  perfused 
with  standard  techniques  and  the  8  perfusates  (4  red  blood  cell  perfu¬ 
sates  with  varying  hematocrits,  422  or  212,  and  P$0s>  28  or  13  na  Hg; 
and  4  SFHS,  72  human  and  7%  bovine,  and  142  human  and  142  bovine 
hemoglobin).  Perfusate  containing  ery throcy tes  was  superior  to  that 
containing  72  SFHS  (H-Hb  72,  B-Hb  72)  in  its  ability  to  maintain  ade¬ 
quate  tissue  oxygenation.  These  biochemical  data  were  supported  by 
electron  microscopic  evaluation  which  showed  swollen  mitochondria  and 
ccntroiobular  cytoplasmic  vacuolization,  and  necrotic  changes  consistent 
with  hypoxia  in  the  72  SFHS  groups  which  were  not  seen  in  the  other 
groups.  Although  142  SFHS  (H-Hb  142,  B-Hb  142)  appeared  promising  as 
an  oxygen  carrier  in  the  isolated  liver  perfusion  system,  it  repeatedly 
precipitated  in  the  perfusion  apparatus  and  rendered  the  solution  in 
its  present  useless  for  organ  perfusion  via  our  techniques. 

CONCLUSIONS 

Strc-ua-freo  hemoglobin  solution  does  not  appear  to  :c  a  viable  substi¬ 
tute  for  erythrocyte-containing  perfusate  for  isolated  organ  perfusion 
studies. 

RECOMMENDATIONS 

Erythrocyte-containing  perfuse. “e  must  be  used  for  isolated  organ  per¬ 
fusions  awaiting  improvement  in  stroma-f  r»-.c  hemoglobin  solutions.  Flow 
through  perfusions  with  radlolabcJed  glucose  should  be  able  to  separate 
wounded  muscle  lactate  production  from  that  of  erythrocytes. 

PUBLICATIONS 

1.  CALDWELL,  M.D.,  W.W.  LACY,  and  J.H.  EXTON.  Effects  of  adrenalectomy 
on  substrate  utilization  in  muscle.  J  Biol  Chcm,  in  press. 


STUDY  NO. 


Effects  of  the  ratio  of  carbohydrate 
calorics  to  protein  supplied  intra¬ 
venously  in  minimizing  body  composi¬ 
tional  loss  following  combat  injury 


PROBLEM 


Tissue  catabolism  following  the  stress  of  trauma,  sepsis,  and  major 
surgery  is  a  common  and  well  established  phenomenon.  The  consequences 
stemming  from  this  catabolic  strte  are  protean  and  include  generalized 
muscle  wasting,  impaired  wound  healing,  and  Impaired  Immune  response. 
Deterioration  in  any  of  these  critical  factors  compounds  any  clinical 
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problem  leading  to  further  complications  and  potentiation  of  the  cata¬ 
bolic  state. 

The  catabolic  response  to  trauma  with  resultant  changes  in  body  compo¬ 
sition  is  thought  to  bt  secondary  to  a  complex  interrelationship  be¬ 
tween  the  post-trauma  hormonal  milieu  and  exogenous  substrate  supply. 
In  recent  years,  due  to  the  advent  of  total  parenteral  nutrition,  it 
has  become  possible  to  reduce  and  In  lost  cases  reverse  this  catabolic 
cycle  by  vigorous  Intravenous  nutritional  support.  It  has  been  pro¬ 
posed  that  an  optimal  relationship  exists  between  endogenous  hormonal 
flux  and  exogenous  substrate  provision  that  will  minimise  body  compo¬ 
sitional  change  following  trauma.  This  has  yet  to  be  determined.  In 
addition,  when  Intravenous  nutrition  is  used  under  combat  conditions, 
a  decrease  in  the  amount  of  Intravenous  protein  necessary  for  each 
Individual  would  result  in  substantial  sav'ngs  in  transport  space  and 
weight.  The  decrease  in  bulk  will  also  facilitate  our  logistic  capa¬ 
bilities  for  providing  this  type  of  therapy. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  first  phase  of  this  study  Involved  establishment  of  the  experimental 
model.  This  involved  chronically  maintained  male  rhesus  monkeys  with 
Indwelling  central  venoua  catheters.  Two  specific  problems  were  en¬ 
countered.  (1)  Available  data  regarding  the  nutrient  requirements  for 
7  kg  monkeys  were  found  to  be  in  error  for  chaired  monkeys.  When  nu¬ 
trients  were  supplied  intravenously  to  meet  reported  requirements ,  the 
monkeys  uniformly  lost  0.5  to  1.0  kg  body  weight  and  had  a  marked  loss 
of  subcutaneous  fat.  (2)  Broviac  silastic  catheters  were  placed  in 
the  Internal  Jugular  vein  and  guided  through  a  subcutaneous  tunnel  to 
exit  over  the  occipital  region.  This  site  of  exit  provoked  chronic 
head-shaking  with  chronic  catheter-cutaneoua  Junction  irritation  and 
eventual  catheter  sepsis  In  3  aoniays. 

As  a  consequence  of  the  problems,  a  new  method  for  catheter  placement 
was  devised  and  a  detailed  study  of  nutrient  intake  in  chaired  monkeys 
was  completed.  The  latter  study  has  revealed  that  chaired  monkeys 
require  a  75  to  80X  Increase  in  caloric  intake  to  maintain  stable  body 
weight  and  nitrogen  equilibrium.  As  a  consequence,  maintenance  Intra¬ 
venous  nutrient  solutions  were  ueslgned  for  chaired  monkeys  to  allow 
progression  of  this  protocol. 

A  new  complication  was  encountered  shortly  after  the  problems  had  been 
obviated.  The  chaired  monkeys  appeared  to  be  far  more  susceptible  to 
pulmonary  infections.  This  resulted  in  the  eventual  loss  of  2  more 
chaired  monkeys,  and  the  other  2  were  removed  from  their  chairs  to 
salvage  them.  As  a  consequence  of  these  severe  problems  In  chronically 
catheterlxed  chaired  monkeys,  it  was  daclded  to  Investigate  another 
chronic  model  for  these  studies. 
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In  the  interim,  the  effect  of  carbohydrate  calories  on  protein  meta¬ 
bolism  was  evaluated  by  using  the  isolated  perfused  liver  preparation, 
where  the  addition  of  carbohydrate  to  the  perfusate  decreased  urea 
production  from  amino  acids  at  all  concentrations  of  amino  acids  used* 
This  is  apparently  a  specific  effect  of  carbohydrate.  Increased  con¬ 
centrations  of  triglycerides  furnished  to  the  liver  did  not  affect  urea 
production  from  amino  acids.  The  increased  glucose  production  in  these 
latter  experiments  is  apparently  due  to  the  glycerol  contained  in  the 
triglyceride  emulsion  (intralipid)  used. 


CONCLUSIONS 


These  data  support  the  concept  that  elevated  carbohyu*  '  calorie/ 
nitrogen  ratios  in  intravenous  solutions  should  limit  Amino  acid 
mediated  gluconeogenesis  and  improve  efficiency  of  protein  utilisation. 
If  further  experiments  bear  out  these  conclusions  in  wounded  animals, 
supplies  necessary  to  provide  metabolic  support  for  combat  wounded 
individuals  could  be  markedly  decreased. 


RECOMMENDATIONS 


1.  Another  chronic  animal  model  for  these  studies  Is  necessary;  other 
possible  models  should  be  evaluated  as  sotn  as  possible. 


2.  These  studies  should  be  expanded  to  evaluate  methods  for  Improving 
the  efficiency  of  protein  utilization  following  injury. 


PUBLICATIONS 


1.  CALDWELL,  M.D.  Effect  of  altered  calorie/nitrogen  ratio  on  urea 
production.  (Abstract  No.  988)  Fed  Proc  37:400,  1978. 


STUDY  NO. 


Effect  of  surgical  dressings  and  pro¬ 
cedures  on  skin  bacteria  surrounding 
venous  catheters 


PROBLEM 


In  a  recent  report,  the  Center  for  Disease  Control  has  suggested  that 
the  incidence  of  infectious  complications  from  central  venous  cathe- 
ccrs  is  directly  related  to  the  type  of  skin  preparation  prior  to  cathe¬ 
ter  Insertion,  the  type  of  catheter  care  following  insertion,  and  the 
duration  of  central  venous  catheterization.  An  additional  factor  Is 
the  occurrence  of  simultaneous  sepsis  from  other  sources  in  the  patient 
(i.e.,  a  patient  with  wound  sepsis  and  concomitant  bacteremia  will  have 
a  higher  incidence  of  catheter  sepsis  due  to  the  foreign  body  of  the 
catheter  in  this  patient's  blood  stream). 


The  Department  of  Surgery,  LAIR,  has  proposed  guidelines  for  the  opti¬ 
mal  care  of  central  venous  catheters.  The  rationale  for  some  of  ths 
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procedures  stems  from  empirical  knowledge,  extrapolation  of  in  vitro 
studies,  and  an  old  body  of  published  In  vivo  investigations.  Their 
particular  procedures  have  not  been  prospectively  examined  from  a 
microbial  and  ecologic  viewpoint.  To  date,  the  experience  reveals  a 
02  incidence  of  central  venous  catheter  induced  sepsis  in  over  3,500 
patient  days.  Although  the  guidelines  are  probably  resnonsible  in  part 
for  the  low  incidence  of  nosocomial  infections  on  the  «  irds,  supportive 
experimental  data  are  lacking. 

The  Vietnam  conflict  saw  the  first  wide-spread  use  of  subclavian  cathe¬ 
terization  techniques  for  rapid  fluid  administration  and  monitoring  of 
central  venous  pressures.  The  use  of  the  subclavian  vein  «3  an  easily 
accessible  route  for  intravenous  fluid  administration  and  for  central 
venous  pressure  monitoring  was  stressed  by  the  fact  that  a  detailed 
description  of  this  technique  was  given  in  the  NATO  Handbook,  Emergency 
War  Surgery.  In  addition,  Hardaway  (NATO  Handbook)  reported  that 
supraclavicular  puncture  of  a  subclavian  vein  was  a  routine  method  for 
administering  intravenous  fluids,  obtaining  venous  blood  samples,  and 
measuring  central  venous  pressure  in  the  Vietnam  conflict. 

The  combat  injured  soldier  is  at  a  particularly  high  risk  for  the  de¬ 
velopment  of  a  central  venous  catheter  infectious  complications  for 
the  following  reasons:  (1)  skin  preparation  prior  to  catheter  inser¬ 
tion  is  often  inadequate  due  to  time  constraints;  (2)  since  no  orga¬ 
nized  method  of  central  venous  catheter  care  has  been  established  for 
the  combat  injured,  it  may  be  that  care  of  the  catheter  entry  site 
and  care  of  the  intravenous  line  to  prevent  infection  is  absent;  and 
(3)  the  principal  cause  of  postoperative  death  in  combat  injured  indi¬ 
viduals  is  sepsis.  The  combat  wound  is  generally  the  origin  of  sepsis. 
The  presence  of  this  invariably  infected  wound  in  a  patient  with  a 
chronically  indwelling  foreign  body  (catheter)  in  his  venous  system 
significantly  increases  the  chances  of  catheter- induced  sepsis  as  well. 

To  highlight  the  concern  over  catheter  sepsis  under  combat  conditions, 
the  CINCPAC  5th  War  Conference  Manual  has  recommended:  (1)  changing 
central  venous  catheters  every  48  to  72  hours,  and  (2)  meticulous 
dressing  changes,  to  include  defatting  the  skin  and  application  of 
antibiotic  (NeosporinR)  ointment.  This  approach  Increases  the  risk  of 
mechanical  catheter  complications  (e.g.,  tension  pneumothorax,  hydro- 
or  hemothorax,  subclavian  arterial  injury,  brachial  plexus  Injury)  due 
to  repeated  percutaneous  subclavian  catheterization.  In  addition, 
Neosporln^  ointment  is  not  fungicidal,  and  in  current  practice  of  cen¬ 
tral  venous  catheter  care,  routine  use  of  BetadlneR  rather  than  Neo- 
sporinR  ointment  is  recommended.  (There  is  recent  evidence  to  suggest 
that  the  manner  of  skin  cleansing  la  more  important  than  the  type  of 
antibiotic  ointment  used.) 

Therefore,  studies  to  Investigate  a  method  of  skin  preparation  that  is 
effective  and  can  be  performed  rapidly,  in  conjunction  with  studies  to 
evaluate  types  of  dressing  techniques  for  maintenance  of  central  venous 
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catheters  should  be  extremely  advantageous  in  preventing  an  accelerated 
incidence  of  catheter-induced  sepsis  In  combat  injured  soldiers. 

The  goals  of  this  study  are  to  optimize  dressing  care  of  central  venous 
catheters  Inserted  under  combat  conditions:  (1)  to  improve  or  modify 
dressings  and  central  venous  catheter  care  and  procedures  which  minimize 
risk  of  Infection;  and  (2)  to  design  a  simple  kit  for  combat  conditions 
that  will  facilitate  central  venous  catheter  care. 

RESULTS  AND  DISCUSSION  OK  RESULTS 

This  protocol  has  been  approved  and  has  awaited  the  production  of  a 
specially  designed  dressing  care  kit  that  can  be  easily  adapted  to  field 
use.  To  date,  the  experience  with  the  proposed  dressing  care  technique 
has  yielded  a  0.33X  catheter  sepsis  rate  in  over  6000  patient  days. 

CONCLUSIONS 


A  highly  effective  dressing  care  technique  has  been  developed  that  pre¬ 
vents  catheter  sepsis  from  chronically  indwelling  central  venous  lines. 

RECOMMENDATIONS 


None 

ADDENDUM 

PROBLEM 


Work  Unit  No.  010,  Project  No.  3S762772A814,  "Studies  in  Combat  Wound 
Healing,"  under  the  direction  of  LTC  Stuart  Gourlay  was  terminated  at 
the  end  of  FY  76  because  of  the  departure  of  the  principal  investigator. 
Following  LTC  Gourlay's  departure,  these  studies  (to  investigate  the 
requirements  for  essential  fatty  acids  in  combat  injured  individuals) 
were  incorporated  into  our  ongoing  research  to  prevent  waste  of  sub¬ 
stantial  supplies  that  hao  >»een  previously  ordered.  The  co-investigator 
has  been  assigned  to  LAIR  during  this  subsequent  period. 

The  need  for  essential  fatty  acids  (EFA)  has  been  recognized  in  animals 
for  a  long  time;  without  EFA,  a  syndrome  characterized  by  caudal 
necrosis  of  the  tail,  scaly  skin  lesions,  impaired  growth,  renal  de¬ 
generation,  and  premature  death  develops.  The  occurrence  of  essential 
fatty  acid  deficiency  (EFAD)  in  humans  has  been  documented  only  recently, 
and  the  only  clearly  prov'en  effect  of  EFAD  in  adult  humans  so  far  is  a 
characteristic  scaly  dermatopathy .  Biochemical  serum  fatty  acid  pat- 
term.  of  EFAD  predate  the  appearance  of  cutaneous  lesions,  and  their 
onset  is  markedly  accelerated  by  severe  trauma.  There  is  evidence  of 
a  significant  delay  in  human  wound  healing  with  EFAD,  but  no  studies 
to  define  the  role  of  EFA  in  wound  healing  have  been  undertaken, 
although  the  Importance  of  EFA  In  maintenance  of  pla&ma  membrane 


integrity  suggests  that  EFAD  nay  interfere  with  fibroplasia.  Delivery 
of  adequate  EFA  to  prevent  EFAD  i.i  combat  casualties  in  forward  hospi¬ 
tals  may  be  necessary  if  EFAD  significantly  retards  the  rate  of  healing. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Two  specific  experiments  were  undertaken:  (1)  evaluation  of  the  effect 
of  essential  fatty  acid  deficiency  on  membrane  formation  and  ability  to 
metabolize  injected  medications;  (2)  effect  of  the  intravenous  supply 
of  various  substrates  on  EFA  mobilization  and  utilization. 

Experiment  1.  Essential  fatty  acid  deficiency  markedly  alters  the 
biochemical  composition  of  all  membranes.  It  has  been  postulated  that 
these  biochemical  alterations  would  interfere  with  membrane  function 
and  possibly  membrane  synthesis.  This  should  become  extremely  impor¬ 
tant  for  membrane  repair  following  tissue  injury  and  may  account  for 
the  delayed  wound  healing  found  in  EFAD  animals.  Initial  experiments 
to  evaluate  the  role  of  EFA  in  membrane  synthesis  involved  the  adminis¬ 
tration  of  phenobarbital  (which  stimulates  microsomal  membrane  synthesis) 
to  EFAD  and  rat  chow  fed  animals.  It  was  found  that  the  EFAD  animals 
did  not  have  the  normal  smooth  endoplasmic  reticulum  proliferation  in 
response  to  phenobarbital  injection.  As  a  consequence,  studies  are 
underway  to  evaluate  the  effect  of  EFAD  on  mixed  function  oxldoses. 

These  studies  should  give  an  indication  of  the  role  of  EFA  supply  on 
an  animal's  ability  to  metabolize  various  medications. 

Experiment  2.  It  has  been  suggested  that  an  alteration  in  fat-free 
Intravenous  substrate  supply  can  markedly  change  the  requirements  for 
essential  fatty  acids.  As  a  consequence,  EFAD,  EFAD  +  linolelc  acid 
supplement  to  meet  requirement,  and  chow-fed  control  animals  were 
placed  on  fat-free  intravenous  regimens.  Data  seem  to  indicate  a 
marked  difference  in  EFA  metabolism;  this  difference  probably  occurs 
at  Os  tissue  level.  That  possibility  is  being  investigated. 

CONCLUSIONS 

Essential  fatty  acid  deficiency  influences  the  composition  of  micro¬ 
somal  membranes.  The  supply  of  fat-free  substrates  administered 
intravenously  *p;:aars  to  affect  metabolism  or  distribution  of  essen¬ 
tial  fatty  acids. 

RECOWENDATIONS 

These  investigations  should  be  continued  as  outlined,  and  the  studies 
incorporated  under  this  work  unit. 

PUBLICATIONS 

None 


370 


RESEARCH  AMO  TECHNOLOGY  VOLK  UMT  UNHURT 
t  NT|  »•<*  ItNfRt  I  «M*  %»  ImSSTST*-  m5Sa*T5yT  I  «9M  MCMT 

7 '  10  01 _ D .  Change  U _  U 


*♦  *•  -COMi* 
»  HwiUi 
%  CN'«|h«i»4 


WMMR 


22S±SSS5S  Karps  ii4f  [_ 

"  vf  >WN*»  CM— <SZa»^  5r  — — 

(’J)  Problems  in  Abdominal  Trauma 

■t  nn*ii»rf  mi  uumistn 

003500  Clinical  Medicine;  012900  Physlolo* 


i  imkt  »nme  >  *»ft  •»  mu 

DA  0E  6105  78  10  01 


Mwr«nMimNH 
cpoatcra**  »» 


V  ROM  MOM* TV" 

>  HIUM/ 

tMTMttc*  *CC<M 

U 

NA 

HL 

Sim  U* 

|  UW  kHl  NuirtM 


Kot  Applicable 

4  *«M 
%  ««»  !>• 


%  NtlMMAi  mu  tn 

.  0,8 

31 

0.5 

32 

<« •  Letterman  Army  Institute  of  Research 
••**••**  Presidio  of  San  Francisco.  CA  94129 


««k*  Letterman  Arm’  Institute  of  Research 
Division  of  Surgery 
Presidio  of  San  Francisco,  CA  94129 


•••«•  Watson,  tarry  C . ,  MAJ.  HC 

Marshall.  J.D.,  COL.  KSC  (415)  361-3385 

««>■—««  (415)  561-3600 _  _  «•*•»,  Mi*»«  «<w  »—» «» 

Griffin,  Donald  C.,  CPT,  VC 

Foreign  Literature  Reviewed  ,M  P0C:  DA 

„  ■  ■  •  L><* •* iua. W  (t)  Combat  injuries;  llO  Abdominal  Trauma;” 

(U)  Small  Bowel  Physiology:  (U)  Short  Bowel  Syndrom* _ _ 

It  •  ••  tMRRMfc  H  MRIMM  »—  «Mi>  — »»»  — i  »—•—>»  M  Maa  *<-»»«—  M ««#  tTijH  fNmtesRp  ) 

23.  (I’)  Significant  resection  cf  the  small  bowel  (greater  than  75!)  necessitated  by 
extensive  missile  wounds  usually  result'  in  prolonged  hospitalization  and  frequently 
leads  to  postoperative  death  because  of  decreased  mucosal  absorptive  surface  area.  The 
objective  of  this  work  unit  is  to  develop  a  functional  substitute  for  small  bowel. 

**•  ,U)  h.  dogs,  artificial  conduits  will  be  fashioned  from  homologous  colonic  segments 
strlpt-vd  of  mucosa,  or  from  synthetic  materials  such  as  the  GORE-TEX  vascular  graft. 

The  morphology  of  the  artificial  conduits  will  be  studied  by  light  and/or  scanning 
electron  microscopy. 

25.  (V)  7 7  io  -  76  09  The  colonic  segments  stripped  of  mucosa  appear  to  regenerate 
r.c,  colonic  mucosa  with  goblet  cells  rather  than  small  bowel  neomucosa.  Preliminary 
data  indicate  that  small  bowel  mucosa  will  migrate  across  the  internal  surface  of  the 
GORE-TEX  graft.  Technical  problems  with  strictures  and  early  bowel  obstruction  are  now 
being  addressed. 
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ABSTRACT 

PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  Oil  Problems  in  Abdominal  Trauma 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  I  The  short  bowel  syndrome 

Extensive  gunshot  and  missile  wounds  to  the  abdomen  often  necessitate 
massive  resection  of  the  small  intestine.  If  an  insufficient  functional 
absorptive  area  (less  than  2 5%)  remains,  severe  postoperative  complica¬ 
tions,  including  death,  result.  Previous  experiments  under  this  work 
unit  attempted  to  convert  segments  of  mucosa-denuded  colon  into  small 
intestine.  Colonic  segments  (10  cm  long)  were  stripped  of  mucosa  and 
then  treated  with  collagenase,  gl jteraldehyde ,  ischemia,  hyaluronidnse, 
bile  salts,  or  no  treatment.  The  segments  were  removed  6  months  to 
one  year  later,  and  morphologic  studies  of  the  endot'<  li«i  lining  were 
performed.  Growth  at  the  anastomosis  was  small  bow.-  e,  •  helium;  how¬ 
ever,  the  majority  of  the  colonic  segment  Itself  was  covered  with 
residual  colonic  ceils.  Studies  have  been  initiated  in  which  artifi¬ 
cial  conduits  are  used  in  small  bowel  as  a  site  for  possible  growth  of 
small  bowel  mucosa. 
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BODY  OK  REPORT 

WORK  UNIT  NO.  Oil  Problems  in  Abdominal  Trauma 

STUDY  NO.  1  The  short  bowel  syndrome 

PROBLEM 


Severe  coropi  lc.tt  ions  occur  after  removing  large  lengths  of  small  intes¬ 
tine  because  of  gunshot  or  shrapnel  wounds.  The  primary  defect  is  an 
inadequate  length  of  absorptive  mucosa  to  provide  enough  nutrient  mate¬ 
rial  to  allow  healing  or  to  sustain  health.  A  potential  solution  to 
this  problem  involves  increasing  the  small  bowel  surface  area. 

RESULTS  AND  DISCUSSION  OK  RESULTS 


Six  mongrel  dogs  underwent  mobilization  of  a  10  cm  segment  of  colon 
with  an  Intact  vascular  supply.  The  mucosa  was  removed  by  blunt  dis¬ 
section.  One  of  the  colonic  segments  had  no  treatment.  The  other 
segments  were  treated  in  one  of  the  following  ways:  with  one  hour  of 
ischemia,  or  with  hvaluronidase ,  gluteraldehyde ,  collagenuse,  or  bile 
salts.  Colonic  continuity  was  restored  with  a  double  layer  anastomosis; 
the  mobilized  colonic  segment  was  placed  in  cont'nuitv  with  the  small 
bowel  in  the  ileum.  The  segments  were  removed  at  timed  Intervals  from 
6  months  to  12  months  later,  and  morphologic  studies  were  performed. 

The  epithelium  near  the  anastomosis  was  small  bowel  _jcosa;  the  next 
centimeter  of  epithelium  was  a  mixture  of  small  bowel  and  colonic 
mucosa;  and  the  remainder  of  the  colonic  segment  was  covered  with 
mucosa  that  could  not  be  differentiated  from  colonic.  These  observa¬ 
tions  are  significantly  different  from  those  reported  in  the  literature. 

CONCLUSIONS 


Colon  segments  are  not  reasonable  substitutes  for  extending  the  length 
cf  small  bowel  absorptive  surface  aftci  massive  resection. 


RECOMMENDATIONS 


Studies  arc  nev  in  progress  to  evaluate  the  growth  of  small  bowel  epi¬ 
thelium  on  artificial  conduits  placed  in  continuity  with  small  bowel. 

If  these  artificial  conduits  can  be  covered  internally  with  mucosa,  the 
ability  of  this  neomucosa  to  transport  nutrient  material  will  be  evalu¬ 
ated.  Additional  studies  should  be  conducted  which  will  test  the  effect 
of  massive  small  bowel  resection  on  the  rate  of  growth  of  small  bowel 
mucosa  in  those  Artificial  conduits. 

PUBLICATIONS 
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23.  (!')  Newly  developed  artificial  blood  substitutes  and  vhcle  blood  stored  using  new 
techniques  must  be  physiologically  evaluated  to  insure  theit  ability  to  support  tissue 
function.  The  objective  of  this  work  unit  is  to  develop  ar.  appropriate  subprimate 
*odcl  which  will  permit  total  extracorporeal  circulation  and  precise  measurements  of 
ventricular  hemodynamic  and  metabolic  function.  This  model  has  been  used  to  Investigate 
the  importance  of  pulsatile  flow  and  to  test  the  effectiveness  if  newly  developed  blood 
substitutes  and  blood  having  altered  oxyhemoglobin  dissociation  characteristics. 

24.  (U)  An  extracorporeal  circulation  svstes  capable  of  supplying  whole  bodv  perfusions 
with  pulsatile  flow  at  various  pulse  pressures  has  been  employed.  Left  hev/t  perform¬ 
ance  end  myocardial  oxygen  transport  dynamics  will  be  assessed  to  determine  the  ability 
■if  newly  developed  blood  substitute*  to  support  normal  tissue  function. 

25.  (0)  77  10  -  78  09  A  cardiovascular  investigational  laboratory  is  funevioning  for 
accurate  measurements  of  stroke  volume,  dp'dt,  ejection  fraction,  myocardial  metabolism, 
tnd  coronary  flow  distribution.  Investigations  using  hemoglobins  with  titered  affinity 

|  for  oxvgen  revealed  decreased  ventricular  function  with  a  decrease  in  P$j.  A  right 
shifted  ■iisso«.iatlon  curve  was  also  associated  with  increased  coronary  blood  flow,  and 
decreased  myocardial  oxygen  extraction.  The  title  of  the  work  unit  has  been  changed  to 
more  closely  reflect  the  nature  of  the  research.  Sew  investigations  have  been  tempo¬ 
rarily  suspended  pending  assignment  of  a  now  Investigator.  ">V  are  continuing  to 
analyze  copious  data  thus  far  accumulated. 
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ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  012  Studies  in  Pulsatile  Extracorporeal 

Circulat ion 

The  following  investigation  is  being  conducted  under  this  work  unit: 

STUDY  NO.  2  The  effect  of  variation  in  the  oxyhemoglobin 

dissociation  curve  on  left  ventricular  function 
in  swine 

STUDY  NO.  2  The  re lat lonshlps  between  preservation  of  myocardial  per¬ 
formance  and  the  oxyhemoglobin  dissociation  curve  of  priming  solutions 
have  been  investigated  in  the  isolated  swir.e  heart  preparation  described 
in  previous  reports.  These  studies  were  designee  to  determine  whether 
or  not  the  P5q  of  resuscitation  fluids,  including  whole  blood,  is  a 
significant  determinant  of  recovery  from  hemorrhagic  shock  secondary  to 
massive  combat  wounds.  Completed  studies  have  it dicated  that  variations 
in  P<,o  have  a  significant  effect  on  left  ventrlc*  lar  function  at  normal 
arterial  oxygon  tensions  and  hemoglobin  concentrations.  These  findings 
contrast  with  the  findings  of  preliminary  studies  which  were  reported 
last  year.  In  further  work,  some  of  which  is  nearing  completion,  we 
are  attempting  to  determine  whether  or  not  changes  in  the  oxyhemoglobin 
dissociation  curve  are  important  In  preserving  heart  performance  during 
situations  which  mimic  those  seen  in  combat  injury,  o.r.,  hypoxia,  hypo¬ 
volemia,  and/or  anemia. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  012 


Studios  in  Pulsatile  Extracorporeal 
Circulat ion 


STUDY  NO.  2  The  effect  of  variation  in  the  oxy¬ 

hemoglobin  dissociation  curve  on 
left  ventricular  function  in  swine 


PROBLEM 

Recently,  with  the  understanding  that  the  oxyhemoglobin  dissociation 
curve  is  affected  by  concentrations  of  2,3-DPG  and  that  stored  blood 
has  a  low  2,3-DPG  level,  there  has  been  concern  that  massive  transfu¬ 
sions  with  blood  which  has  been  stored  for  prolonged  periods  may  have 
a  detrimental  effect  on  oxygen  delivery  to  critical  tissues.  Myocardial 
function  is  intimately  tied  to  adequate  oxygen  transport  which,  if  less 
than  optimal,  may  depress  heart  performance  in  the  combat  injured  sol¬ 
dier.  Some  studies  have  suggested  that  there  is  a  relationship  between 
Pso  and  left  ventricular  performance.  If  an  adequate  P$o  is  crucial  to 
preserving  heart  performance  during  periods  of  combat  Injury,  then  aged 
blood  with  a  low  P«,q  and  low  2,3-DPG  may  have  limited  usefulness,  and 
fresh  blood  or  blood  with  enriched  2,3-DPG  must  be  made  available.  If 
P-jC  is  not  a  major  determinant  of  left  ventricular  function,  aged  blood 
could  be  emp loved,  especially  during  combat  situations  which  would  re¬ 
quire  massive  transfusions  and  maximal  utilization  of  blood  bank  resources. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Our  in  situ  perfused  swine  heart  model  has  been  used  for  this  study. 

Left  ventricular  function  and  metabolic  responses  have  been  evaluated 
and,  in  addition,  myocardial  tissue  P0_  and  PCO;.  have  been  directly 
measured  with  a  medical  mass  spectrometer. 

This  study  is  a  secondary  stage,  following  the  establishment  of  an  in 
vitro  capability  for  enriching  or  depleting  2,3-DPG  and  subsequently 
altering  the  oxyhemof lob  in  dissociation  curve  and  the  measured  Psc* 

Tf  **  technique  of  performing  an  exci  ange  transfusion  during  cardiopul¬ 
monary  by-o,iss  lias  now  been  v*l l-e-»tabl  ished .  Preliminary  results  re¬ 
ported  last  year  indicated  that  with  a  normal  hematocrit  and  arterial 
oxygen  tension,  P50  changes  in  the  range  of  24—50  torr  did  not  directly 
affect  heart  performance,  although  myocardial  oxygen  extraction  was 
higher  with  the  higher  P^q. 

Two  phases  of  this  study  have  been  completed.  The  initial  attempts  to 
evaluate  the  effect  of  P50  changes  on  myocardial  function  and  metabo¬ 
lism  have  demonstrated  that  a  decrease  in  Pjq  decreases  myocardial  per¬ 
formance.  When  this  initial  group  of  10  animals  was  examined,  a  de¬ 
crease  in  P50  was  associated  with  decreases  in  both  stroke  volume  and 
oxygen  extraction  across  the  myocardium.  These  findings  are  in  contrast 
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to  che  results  of  preliminary  studies  which  were  reporred  last  year,  in 
which  it  appeared  that  with  normoxia  and  a  normal  hemoglobin  concentra¬ 
tion  P53  had  little  or  no  effect  on  myocardial  performance.  The  second 
phase,  Just  nearing  completion  and  not  yet  completely  analyzed,  seems 
to  indicate  that  with  a  decrease  in  the  hemoglobin  concentration  there 
may  possibly  be  an  even  greater  decrease  in  left  ventricular  function 
with  2,3-DPG  depletion  and  a  lowered  P50. 

CONCLUSIONS 

Our  basic  conclusion  at  this  stage  is  that  Pj,q  is  Indeed  an  important 
determinant  of  left  ventricular  function,  and  that  this  effect  is 
apparent  oven  at  a  normal  hemoglobin  concentration  and  during  normoxia. 
The  second  phase  now  entering  completion  may  also  lead  us  to  the  con¬ 
clusion  that  this  effect  is  possibly  augmented  when  the  hemoglobin  con¬ 
centration  is  decreased,  as  would  be  the  case  in  an  acutely  injured 
soldier.  The  crucial  question  of  the  role  of  oxyhemoglobin  dissociation 
curve  changes  in  other  abnormal  hemodynamic  situations,  such  as  hypoxia 
and  hypotension,  that  might  be  encountered  in  a  combat  Injury  situation 
has  not  been  adequately  addressed  in  this  study  and  will  require  addi¬ 
tional  work  before  conclusions  can  be  reached. 

RECOMMENDATIONS 


The  question  of  the  role  of  P50  changes  in  blood  and  oxygen  transporting 
resuscitation  fluids  should  be  addressed  because  oxygen  transport  is 
critical  in  providing  optimal  resuscitation  for  soldiers  injured  in 
combat.  Our  initial  results  indicate  that,  even  during  normoxia  and 
adequate  arterial  blood  pressure  and  oxygen  tensions,  P50  is  a  factor 
in  determining  left  ventricular  function  and  that  care  should  be  used 
when  administering  blood  with  low  2,3-DPG  concentrations  during  resus¬ 
citation  if  (Missive  transfusions  are  needed;  therefore,  further  work  in 
this  field  is  needed.  At  present  there  are  no  immediate  plans  for  con¬ 
tinuation  of  this  project  beyond  its  present  expiration  (after  the 
departure  of  the  primary  investigator).  Recommendations  at  this  stage 
Include  the  publication  of  detailed  manuscripts  representing  investi¬ 
gations  performed  under  this  work  unit.  These  publications  will  be 
written  by  the  departing  principal  investigator.  Material  from  these 
studies  should  prove  valuable  in  the  Army’s  attempt  to  determine  the 
propet  significance  of  preserving  2,3-DPG  concentration  levels  in  blood 
for  transfusion  in  combat  situations. 
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13.  (f)  The  object iv>»  la  to  evaluate  the  oxygen  transport  function  of  blood  and  resusci¬ 
tation  solutions,  particularly  with  reference  to  thV  role  of  hemeglob in-oxygen  affinity 
in  modifying  physiologic  responses  of  military  personnel  to  trauma  and  environmental 
st  res* . 

24.  (l’>  flic  approach  to  this  problem  incorporates  three  areas  of  effort:  (a)  design  and 
improvement  of  techniques  and  equipment  for  performing  unusual  or  difficult  biomedical 
measurement*  related  to  oxygen  transport 'function,  (b)  theoretical  analysis  of  th«  oxy¬ 
gen  transport  function  of  blood  and  related  physiologic  systems,  and  (c)  use  of  experi¬ 
mental  animals,  particularly  specialized  animal  preparations  such  ss  the  swine  heart 
by-pass  model  (see  IA1R  work  unit  012),  to  test  and  evaluate  relevant  question!  regard¬ 
ing  the  implications  of  hemoglobin-oxygen  affinity  to  tissue  oxygen  transport  in  the 
combat  wounded  soldier. 

23.  (l!)  7<  10  -  73  09  To  improve  field  and  bedside  gas  transport  measurements  required 
following  combat  injury  («ee  work  unit  015),  teats  were  performed  to  validate  a  new  gas- 
llution  method  for  determining  oxygen  consumption,  carbon  dioxide  production,  and 
respiratory  quotient  in  humans.  This  approach  yielded  accurate  estimates  of  thsse  meta¬ 
llic  parameters  and  simplified  tha  equipment  and  procedural  requirement*  for  such 
measurements .  Preliminary  analyses  of  oxygen  transport  in  stroma-free  hemoglobin  indi¬ 
cate  the  potential  need  to  modify  this  blood  substitute  in  order  to  increase  both  P$o 
and  intravascular  retention.  Aged  erythrocytes  having  high  oxygen  affinity  decreased 
Irvocardial  function  in  swine,  but  sustained  metabolism  of  perfused  rat  liver  as  well  as 
j fresh  blood;  these  apparently  contradictory  results  may  be  explained  by  the  altered 
jr‘-.«ioiegic«l  properties  of  aged  erythrocytes. 
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ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK,  UNIT  NO.  013  Effect  of  Blood  Oxygen  Affinity  During 

Experimental  Heiaormagic  Shock  and 
Hypoxemia 

Tests  have  been  performed  to  validate  a  gas-dilution  method  for  measur¬ 
ing  oxygen  consumption  (V02) 9  carbon  dioxide  production  (Vco2)  .  and 
respiratory  quotient  (R.Q.)  in  humans.  This  approach  simplifies  the 
equipment  requirements  for  making  these  observations  and  appears  to 
give  results  at  least  as  good  as  those  using  more  elaborate  methods. 

The  intravarcular  retention  and  the  P50  of  stroma-free  hemoglobin  must 
be  increased  before  this  product  can  be  considered  an  effective  blood 
substitute.  Theoretically,  these  requirements  can  be  met,  in  part,  by 
modification  of  the  dissociation  of  tetramer  hemoglobin  into  dimers. 
Erythrocytes  having  high  oxygan  affinity  produced  a  decreased  myocardial 
function  in  swine  but  sustained  metabolism  of  perfused  rat  liver  as 
well  as  erythrocytes  with  r.  mal  oxygen  affinity. 


BODY  OF  REPORT 


WORK  UNIT  NO.  013  Effect  of  Blood-Oxygen  Affinity  During 

Experimental  Hemorrhage  Shock  and 
Hypoxemia 

PROBLEM 

A  continuous  supply  of  oxygen  is  a  major  requirement  for  maintenance 
of  vital  functions  in  man  and  animals.  Compared  to  food  and/or  water 
deprivation,  which  may  be  tolerated  in  man  for  prolonged  periods,  oxy¬ 
gen  deprivation  can  be  fatal  in  minutes.  Although  some  tissues  with¬ 
stand  the  effects  of  oxygen  deprivation  better  than  others,  the  body 
as  a  whole  tolerates  a  deficit  oxygen  economy  only  to  the  extent  that 
it  can  activate  a  variety  of  compensatory  mechanisms  designed  to  sus¬ 
tain  the  minimum  metabolic  needs  of  the  tissues  during  emergencies. 
Trauma  associated  with  bleeding  produces  an  iasrediate  threat  to  the 
oxygen  economy  of  the  body,  and  the  effectiveness  of  compensatory 
adjustments  designed  to  cope  with  this  situation  is  a  decisive  factor 
in  the  clinical  consequences  of  such  trauma.  Apart  from  the  potenti¬ 
ally  lethal  effects  of  oxygen  deprivation,  tissue  hypoxic  episodes  can 
lead  to  permanent  functional  damage  and  prolong  recovery  from  the  basic 
injury. 

The  occurrence  of  trauma  and  hemorrhage  in  a  remote  and  hostile  battle¬ 
field  setting  presents  several  unique  problems  not  ordinarily  encoun¬ 
tered.  Loss  of  consciousness,  for  instance,  is  sometimes  considered 
to  be  beneficial  after  trauma  because  it  tends  to  place  the  body  in  a 
horizontal  position  favoring  cardiac  output  and  maintenance  of  circu¬ 
lation  to  the  brain.  Such  a  response  may  be  hazardous  even  under 
normal  circumstances,  but.  its  occurrence  under  battle  conditions  defi¬ 
nitely  jeopardizes  the  individual's  already  precarious  safety  and  his 
potential  for  self-preservation.  Medical  assistance,  furthermore,  may 
be  delayed  by  the  exigencies  of  warfare,  thus  extending  the  stress 
upon  compensatory  reserves.  Finally,  blood  replacement  therapy,  once 
available,  may  be  compromised  by  the  quality  of  blood  products  avail¬ 
able  in  forward  areas.  Either  separately  or  in  cos&ination,  these 
factors  make  it  significantly  more  difficult  for  the  military  physician 
to  normalize  the  oxygen  economy  prior  to  permanent  functional  damage 
or  in  time  to  prevent  prolonged  recovery  times  from  the  basic  injury. 

Thus,  there  are  unique  circumstances  justifying  the  military  need  to 
understand  the  complex  compensatory  mechanisms  that  sustain  the  oxygen 
economy  of  the  body.  The  objective  of  this  work  unit  is  to  evaluate 
the  oxygen  transport  function  of  blood  and  resuscitative  solutions, 
particularly  with  reference  to  the  role  of  hemoglobin-oxygen  affinity 
in  modifying  the  compensatory  reserves  of  combat  personnel  to  trauma 
and  environmental  stress. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


The  estimation  of  total  body  Vq2*  Vcq2 »  ant^  R*Q»  can  provide  valuable 
information  concerning  both  the  experimental  study  and  the  clinical 
treatment  of  combat  trauma.  Unfortunately,  there,  are  many  circum¬ 
stances  in  which  the  usual  clinical  methods  for  making  these  estimates 
are  awkward  or  impractical  to  use,  and  potential  opportunities  for 
improving  the  medical  care  and  understanding  of  trauma  and  wound  heal¬ 
ing  are  often  forfeited.  The  usual  approach  to  making  these  measure 
ments  involves  measuring  the  volume,  composition,  temperature,  and  pres¬ 
sure  of  respired  gases.  Such  measurements  are  relatively  simple,  as 
well  as  noninvasive ,  and  during  steady-state  conditions  these  respira¬ 
tory  values  will  reflect  overall  body  metabolism. 

A  common  method  for  obtaining  these  gas  exchange  values  utilizes  the 
open  circuit  technique  in  which  the  subject  inspires  air  through  a 
breathing  valve  that  permits  the  separation  and  collection  of  expired 
gas  into  a  large  Tlssot  spirometer  or  Douglas  gas  collection  bag  for  a 
measured  time  interval.  Because  they  arc  large,  water-filled  devices, 
Tissot  spirometers  require  considerable  effort  to  transport*  set  «.p* 
and  calibrate.  Better  mobility  can  be  realized  by  use  of  the  Douglas 
bag,  but  a  separate  means  of  making  volume  determinations  with  some 
form  of  gas  meter  is  required.  Many  commonly  used  gas  meters  do  not 
accurately  measure  small  volumes  of  gas*  and  fairly  large  expired  gas 
collections  must  be  obtained  in  order  to  secure  suitable  accuracy. 

Techniques  for  measuring  gas  composition  have  been  greatly  simplified 
and  improved  in  recent  years.  Relatively  compact  rugged  instruments 
are  available  that  are  easy  to  transport  and  calibrate.  To  take  advan¬ 
tage  of  this  improved  technology,  a  technique  was  improvised  that  made 
use  of  composition  measurements  to  obtain  estimates  of  volume;  direct 
volume  measurement  of  the  collected  and  expired  gas  using  this  approach 
is  not  necessary  and  the  drawbacks  described  above  are  avoided. 

In  essence,  this  method  makes  use  of  either  a  standard  dilution  or 
enrichment  of  one  of  the  measured  gases  (for  instance,  oxygen)  to  esti¬ 
mate  the  original  volume  of  expired  gas.  This  is  accomplished  by  first 
measuring  the  composition  of  oxygen  and  carbon  dioxide  in  the  mixed 
original  volume  of  expired  gas,  adding  a  known  preset  amount  of  oxygen 
or  nitrogen,  and  repeating  the  estimation  of  oxygen  in  the  enriched  or 
diluted  expired  mixture.  In  its  least  complex  form,  the  mathematical 
expression  for  determining  the  unknown  expired  volume  (Vx)  after  dilu¬ 
tion  with  a  known  amount  of  nitrogen  (Vr)  Is: 
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where  is  the  partial  pressure  of  oxygen  in  the  expired  mixture  be¬ 
fore  dilution  anu  Pa  is  the  partial  pressure  after  dilution.  Vx  is 
reduced  to  standard  conditions  in  the  usual  manner.  In  the  laboratory 
evaluation  of  this  procedure,  use  has  been  made  of  a  large  syringe  for 
introducing  the  diluting  or  enriching  gas  into  the  expired  mixture.  A 
preferred  embodiment  for  this  purpose,  however,  would  incorporate  a 
small  pressured  cannister  containing  a  known  amount  of  gas.  The  con¬ 
tents  of  the  cannister  would  be  released  into  the  collected  expired 
gas  and  the  volume  (Vj<)  at  ambient  temperature  and  pressure  would  be 
estimated  from  Boyle's  law.  Cannlsters  of  the  type  required  are  widely 
available  commercially  and  should  pose  no  problems  from  the  standpoint 
of  size,  weight,  or  cost.  Filling  these  cannlsters  with  a  known  amount 
of  gas  is  a  fairly  simple  manufacturing  process,  and  storage  for  long 
periods  without  significant  alteration  or  leakage  is  feasible. 

Using  this  approach  on  2  human  subjects,  we  have  demonstrated  the 
general  feasibility  and  convenience  of  the  method.  Expected  values  for 
expired  volume,  Vo2  •  V^q.,,  and  R.Q.  are  realized.  The  measurements  can 
oe  obtained  by  using  fairly  short  collection  periods  and  small  expired 
volumes.  Direct  comparison  with  conventional  techniques  of  the  esti¬ 
mates  made  with  the  method  are  presently  in  progress. 

Simplification  of  the  equipment  and  procedural  requirements  are  the 
primary  advantages  of  this  approach.  Only  gas  composition  analysis  is 
required  rather  than  gas  composition  and  volume  measurements  as  with 
more  conventional  techniques. 

Further  analysis  of  oxygen  transport  with  stroma-free  hemoglobin  solu¬ 
tion  has  emphasized  the  fact,  previously  reported,  that  significant 
improvement  in  tissvie  oxygen  transport  (compared  with  asanguinsous 
solutions)  is  obtained  with  stroma-free  hemoglobin  sclution  (SFHS)  only 
under  extenuating  circumstances  (i.e.,  with  hematocrits  of  101  or 
below),  primarily  because  of  the  high  oxygen  affinity  of  this  product. 
Available  information  Indicates  that  only  a  few  emergency  resuscitation 
cases  require  the  large  volumes  of  fluid  necessary  to  decrease  hemato¬ 
crits  to  this  level,  and  thus  realize  an  oxygen  transport  advantage 
with  SFHS.  Because  of  the  ability  of  the  organism  to  withstand  hetao- 
dilutlon,  failure  to  supply  additional  oxygen  transport  with  quantities 
of  SFHS  smaller  than  those  producing  a  10Z  hematocrit  may  be  assumed  to 
be  immaterial.  The  use  of  SFHS  would  at  least  provide  protection  where 
the  required  emergency  transfusion  necessitated  more  extreme  hemodilu- 
tlon.  However,  current  evidence  indicates  that  SFHS  in  ito  present 
form  is  not  an  effective  volume  replacement  fluid,  regardless  of  the 
merits  of  its  oxygen  carrying  potential.  A  relatively  rapid  loss  of  SFHS 
from  the  vascular  space  has  been  observed  when  this  product  is  transfused. 
This  loss  is  associated  with  diuresis,  reduced  blood  volume,  and  lowered 
cardiac  output,  responses  that  are  obviously  inconsistent  with  thera¬ 
peutic  objectives  following  hemorrhage.  Both  of  these  deficiancies 
(of  tissue  oxygen  transport  and  intravascular  retention)  appear  to  be 
related  in  large  measure  to  the  breakdown  of  the  tetramer  form  of 
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hemoglobin  to  dimers,  the  latter  being  able  to  cross  the  capillary 
barrier.  Thus,  the  use  of  SFKS  as  a  blood  substitute  appears  to  depend 
on  preventing  or  decreasing  this  molecular  dissociation.  Future  re¬ 
search  in  this  area  should  emphasize  this  goal. 

During  experiments  in  whicn  rat  livers  were  perfused  with  SFHS,  the 
metabolic  function  of  these  preparations  was  not  sustained  at  normal 
levels  (compared  with  erythrocyte-containing  perfusates)  when  SFHS  con¬ 
centrations  of  7  g/dl  were  used.  A  14  g/dl  solution  of  SFHS  did,  how¬ 
ever,  maintain  liver  metabolism,  as  reflected  by  the  cellular  level  of 
high  energy  organic  phosphates,  almost  as  well  as  erythrocyte-containing 
perfusates.  At  high  hemoglobin  concentrations,  the  tendency  of  tetra- 
aers  to  dissociate  is  suppressed,  although  it  is  not  clear  whether  or 
not  such  suppression  played  n  decisive  role  in  the  outcome  of  these 
experiments.  The  oncotic  pressure  of  a  14  g/dl  solution  of  hemoglobin 
is  much  higher  than  nor*'«al  plasma,  and  in  vivo  uuch  a  solution  would 
rapidly  sequester  large  quantities  of  extr.ivascular  fluid,  diluting 
the  hemoglobin  concentration  in  the  process.  This  diluting  effect  was 
not  observed  in  the  liver  perfusion  studies,  probably  because  of  the 
large  perfusate  to  tiseue  volume  ratio. 

In  contrast  to  the  hemoglobin  concentration  effect,  the  oxygen  affinity 
of  the  perfusate  appeared  to  have  little  Influence  on  the  maintenance 
of  high  energy  organic  phosphates  in  rat  livers.  This  was  true  with 
both  erythrocytes  and  SFHS.  Oxygen  consumption,  however,  was  main¬ 
tained  more  vigorously  at  reduced  total  oxygen  delivery  with  bovine 
SFHS  than  with  human  SFHS.  Bovine  SFHS  has  a  reduced  oxygen  affinity 
(increased  P50)  compared  to  human  SFHS. 

With  the  use  of  the  swine  cardiopulmonary  by-pass  model,  we  found  that 
myocardial  function  was  depressed  when  aged  erythrocytes  with  high  oxy¬ 
gen  affinity  were  substituted  for  fresh  erythrocytes  having  normal 
affinity.  This  effect  might  be  attributable  tc  changes  in  red  cell 
deformability  and  blood  viscosity,  however,  as  these  latter  properties 
have  been  observed  (see  Work  Unit  No.  007)  to  change  radically  with 
erythrocyte  age.  Further  investigation  is  necessary  to  reconcile  the 
disparate  conclusions  regarding  oxygen  affinity  that  are  obtained  from 
the  liver  and  cardiopulmonary  by-pass  experiments.  Conceivably,  the 
circulation  in  the  working  heart  is  more  responsive  to  change  in  the 
rheological  properties  of  blood  than  is  the  perfused  liver.  The  de¬ 
pressed  myocardial  function  is  an  expression  of  this  responsiveness 
rather  than  of  increased  oxygen  affinity. 

CONCLUSIONS 

With  the  use  of  e  gat  dilution  or  enrichment  method  for  measuring  ex¬ 
pired  gee  volumes j  It  is  possible  to  avoid  some  of  the  ,,cble*e  related 
to  ee timet ion  of  Vg,  Vo2,  Vco,,  end  H.Q.,  particularly  in  cases  requir¬ 
ing  a  greater  degree  of  flexibility  and  mobility  than  is  normally 
afforded  by  conventional  means. 
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In  its  current  form,  SFHS  has  some  undesirable  physiologic  effects  that 
limit  its  usefulness  as  a  blood  substitute.  The  fundamental  cause  of 
these  effects  appears  to  be  grounded  in  the  propensity  of  the  hemoglo¬ 
bin  tetramcr  molecule  to  dissociate  into  dimers  with  subsequent  loss 
from  the  vascular  space. 

Experiments  to  date  have  not  convincingly  categorized  the  physiologic 
or  clinical  significance  of  changes  in  oxygen  affinity.  Purported 
effects  of  oxygen  affinity,  as  obtained  by  using  blood  aged  to  increase 
oxygen  affinity,  could  be  caused  by  changes  in  red  cell  deformabiiity 
and  blood  viscosity.  Bovine  SFHS  (with  its  lower  oxygen  affinity)  sup¬ 
ports  oxygen  consumption  in  liver  better  than  human  SFHS  when  total 
oxygen  delivery  is  limited  (for  instance,  in  anemia,  shock,  and  other 
low  perfusion  states),  but  this  apparent  advantage  is  not  obvious  with 
regard  to  tissue  high  energy  organic  phosphates.  Human  SFHS,  however, 
has  an  extraordinarily  high  oxygen  affinity  and  reaches  values  not 
normally  encountered  in  vivo. 

RECOMMENDATIONS 

1.  VE  values  obtained  with  the  gas  dilution  or  enrichment  method  should 
be  directly  compared  with  conventional  techniques. 

2.  Research  with  SFHS  should  be  mainly  directed  toward  achieving  a 
hemoglobin  tetramer  molecule  less  subject  to  dissociation  into  dimers. 

3.  More  precise  information  is  needed  to  distinguish  between  the  pos¬ 
sible  effects  of  hemoglobin-oxygen  affinity  and  red  cell  deformabiiity. 
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21.  (U)  The  Aray  ha*  no  screening  device  to  measure  an  individual's  ability  to  function 

in  very  dlaly  lighted  environments.  Sufficient  biological  variation  in  dark  vision 
exists  to  warrant  such  an  instrument  in  order  to  select  those  individuals  best  sble  to 
function  during  nocturnal  varf *re  »nd  protect  these  individuals  who  function  poorly 
in  low  astient  lighting  conditions. 

24.  (U)  Eaphasls  was  placed  on  development  of  a  portable  dark  adaptometer  for  the  deter 
mlnatlon  of  normal  function  in  Amy  ground  crew  and  air  crew  personnel.  Studies  of  the 
effectiveness  of  systaltic  anti-inf  lacrmtorv  drugs  in  the  treataent  cf  laser  injury  should 
provide  effective  medical  interin  thertpy. 

25.  (C)  7®  Of  -  78  09  During  this  period,  transfer  cf  this  work  unit  was  authorized 
by  Commander,  LAIR  (from  LTC  Sllmon  Biggs  to  COL  ,-dvSn  Beatrice).  Further  development 

of  a  smaller  prototype  adaptoneter  was  initiated  using  direct  readout  and  a  hand-held  de¬ 
vice.  This  work  has  been  temporarily  delayed  until  further  support  fro*  KRDC  is  received 
for  continuation  of  this  effort  in  FT  79.  Additional  vision  testing,  including  contrast 
sensitivity  functions  and  Famsvorth-Munsell  100  Hue  testing,  has  been  accomplished. 
Initial  experimental  results  for  s  pilot  study  on  the  use  of  indomethscln  after  laser 
exposure  indicate  that  this  systemic  drug  considerably  reduces  the  edema  associated  with 
suprathreshold  laser  exposure. 
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ABSTRACT 


PROJ'-CT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WOr»K  UNIT  NO.  014  Care  of  the  Combat- Injured  Eye 

The  following  Investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  2  Dark  adapt  onset  cr  prototype 

STUDY  NO.  2  A  prototype  screening  dark  adaptometer  has  been 
develooed  and  tested.  This  device  allows  dark  vision  testing  without 
the  labor  commitment  cf  technician®  required  by  other  systems.  Results 
of  testing  indicate  that  retinal  sensitivity  threshold  responses  of 
normal  subjects  are  distributed  in  a  Gaussian  fashion  with  a  large 
standard  deviation.  Thus,  thc.’e  is  a  iO-fold  difference  in  light  sen¬ 
sitivities  within  the  central  952  of  the  population.  Two  and  a  half 
percent  of  the  population  have  either  extremely  good  or  extremely  poor 
night  vision.  The  device  successfully  separates  degrees  of  normalcy, 
separates  out  malingerers  from  those  with  organic  problems,  and  allows 
identification  of  those  individuals  with  disease  processes  which  affect 
night  vision.  The  patenting  process  is  unde. "way  and  a  prototype  field 
device  Is  near  completion.  This  device  is  to  be  used  in  screening 
aviation  personnel  and  combat  troops  and  for  evaluating  the  ocular 
effects  of  chronic  exposure  to  low  level  coherent  light  sources. 
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WG*'u  UNIT  NO.  014  .^are  of  thi.  Combat-  Injured  Eye 

STUDY  NO.  2 

PR.3LEM 

Th.-  U.S.  Army  has  ro  effic-.ei*.  means  of  ecrouning  Hit  night  vision  of 
corbatants,  even  chough  ioniisive  ard  attained  may  occur  dur¬ 

ing  nighttiw.  Ar.ul-.  c*  *  cl  “xiy.ung  data  indicates  that  on  an  overcast 
night  before  uoc.nr  1b<, ,  ?0»  o'  -.ounal,  fuiiy  cark  adapted  ground  forces 
ctur.ot  tsuo  anything  without  i/ttrnal  sources*  of  1 3 iusin*.: ’• ar.  or  elec,- 
ti-v.ic  night  vision  aids.  Tnere  is  a  portion  the  nn'-oa,  j-r.pu.ai-.lon 
(=  ly*)  wit  a  very  «eo>»»t*ve  night  vision  who  car.  f  unct  *vt  adequately 
urcer  the  same  aashieot  light  conditions  with  only  partial  dark  adapta¬ 
tion.  A  need  cxiiU*  to  ceres',  pe i  ;  jr  -  ritical  .ailitary  tasks 
i;t  order  to  assign  those  lndlvldu  *.!»  vim  'v-irior  nJ  vision  and  to 
protect  those  with  poor  sight  vl' ion  so  chot  thev  ;3ay  perform  optimally 
lr:  effott  to  accompli;.:;  <;:r  mi.s«lc-n  ~f  • A»jv,  !n  addition,  those 
with  poor  night  vision  c-ny  Jeopardize  essem  la:  night  missions  because 
of  their  inability  to  see  at  night  ano  hece..se  of  their  inability  to 
comply  with  the  discipline  required  for  maintenance  of  the  dark-adapted 
state . 


CarV.  edaptometer  prototype  j 
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RESULTS  AND  DISCUSSION  Of  RESULTS 

A  prototype,  laboratory  model,  dark  adaptometer  has  been  developed 
which  uses  light  emitting  diodes  (LED)  as  the  stimulus  source.  The 
apparent  intensity  of  emitted  light  is  controlled  by  varving  the  duty 
cycle  of  the  LED  >y  a  ,aic recompute:-.  A.  rei?1  »*-»  dam  display  of  the 
dark  adaptation  curve  is  achieved  on  cither  a  cathode  ray  tube  or  on 
an  X-Y  recordc.  for  permanent  records.  No  technician  time  is  required 
during  the  tes'lng  period  since  the  test  subject  signals  the  computer 
when  the  threshold  stimulus  Is  seen;  thus  with  a  battery  of  adapto- 
meters,  one  technician  could  screen  100  subjects  dally.  Both  rod  and 
cone  function  are  tested  during  the  same  session  by  alternating  stimuli 
of  deep  red  LED  f for  cones)  and  green  LED  (for  rod  function). 

Appropriate  human  use  co-wictee  approval  was  granted  and  a  normative 
data  base  was  obtained  from  volunteers.  Additional  data  were  obtained 
from  subjects  with  known  or  suspected  organic  problems  or  because  of 
documented  poor  performance  during  nocturnal  military  exercises;  this 
group  of  subjects  was  referred  by  various  military  ophthalmologists. 

The  LED  dark  adaptometer  yields  population  data  with  a  distribution 
identical  to  that  of  the  classic,  labor-intensive  adaptometer*  at  energy 
levels  identical  to  those  reported  by  others  in  the  literature.  Within 
the  population  of  60  volunteers,  two  individuals  were  discovered  who 
had  unsuspected  congenital  stationary  night  blindness.  The  diagnosis 
was  confirmed  by  electroretinography.  Thus,  this  disease  entity  may  be 
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more  prevalent  in  the  military  population  than  was  previously  suspected. 
The  study  of  physician-referred  subjects  documents  the  fact  that  LED 
adaptometry  can  distinguish  those  individuals  with  disease  processes 
affecting  night  vision.  Furthermore,  it  can  distinguish  those  indi¬ 
viduals  who  are  malingering  from  those  with  genuine  organic  problems. 

CONCLUSIONS 

The  results  from  the  laboratory  prototype  device  are  extremely  promis¬ 
ing,  and  a  prototype  field  device  is  nearing  completion.  Plans  have 
been  developed  for  joint  laboratory  cooperation  to  develop  and  test  the 
device  further. 

RECOMMENDATIONS 

The  development  and  testing  of  an  inexpensive  reliable  screening  dark 
aJaptometer  for  military  selection  should  be  continued.  The  project 
should  be  given  the  highest  priority,  as  requested  from  the  Surgeon 
General  by  TRADOC. 

PUBLICATIONS 

None,  open  publication  ha*  been  constrained  until  the  patent  applica¬ 
tion  process  has  been  completed.  The  project  was  presented  as  a  paper 
to  military  ophthalmologists  at  the  1978  Walter  Reed  Biannual  Course 
In  Ophthalmology  and  as  a  poster  session  at  the  1978  AGARD-NATO  meeting. 
Reaction  by  the  uniformed  forces  to  these  presentations  was  favorable. 
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23.  tt’3  Extremity  injuries  in  military  personnel  are  oxtrcaely  costJv.  To  sinialie  the 
resulting  lost  duty  days,  permanent  disability,  en&  the  expenditure  of  medical  re¬ 
sources.  efforts  are  being  made  to  improve  current  surgical  therapeutic  injuries  in 
order  to  return  personnel  to  duty  with  maximum  function  in  tb«v  cinimut-  tin*. 

24.  (C>  Sepaer.tal  damage  to  the  ulnar  nerves  in  cats  va rcpotrH  tivher  by  iutetfasci- 
i.ul.«r  graft  or  an  cptr.euri.il  ,echt.i <*,««>  ujtder  tension.  Critical  evaluations  of  the 

orrhaphies  were  made  6  months  after  repair .  To  detisrtslr.e  th<t  rate  at.-d  morphometric 
torn  of  axon  re growth  across  an  anas; exansis ,  >>*r.ar  nerves  of  6  rhesus  monkeys  were 
crcd,  repaired,  and  then  bispsted  at  either  i»  2.  3,  4.  5,  or  6  ve-ths.  Severed 
ensor  tsndcr.s  in  rhesus  oouVey  hands  were  repaired  and  immobilized  for  various 
iods  of  rise  to  evaluate  opt  lata  iiwobili  iition  for  extensor  tendon  healing,  Kum*.;- 
tcy'ni'tucs  vrre  used  to  ireegraft  partial  o»  entire  skeletal  snuitclcfc  in  cat*  which 
e  o'.civwtcd  by  e  lectromvographv 
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(C)  11  10  -  lb  0*>  There  was  no  statistical  difference  between  the  2  techniguad  in  ? 
rcoming  scgiAtntnl  nerve  delects  in  cefs.  Neither  technlqw  irax  as  good  as  «nd-to- 
rcpalr  whur,  no  regsental  defect  occurred.  Nerve  fcirpties  fro*  all  6  rhesus  isonkeys 
e  beer,  obtained,  and  light  and  electron  microscopic  examinations  arc  pending.  All 
cKp:?  to  produce  tenodesis  it.  rhesus  monkeys  felled;  however,  excellent  Mfitoltrgic 
os  .  f  ojeteesor  tendon  healing  have  been  completed.  Histologic  study  of  the  speci- 
will  ccntir.ua.  Attempts  to  freegraft  entire  aoscie »  have  been  totally  vnsucc.ess- 
ar..  this  portion  of  the  work  unit  hse  been  terminated. 
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ABSTRACT 


PROJECT  HO. 
WORK  UNIT  NO. 


3S762772A814 

015 


Military  Trauma  and  Resuacltatlon 

Animal  Models  for  Surgical  Repair 
of  Musculoskeletal  Structures 


The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Nerve  repair  in  cats:  grafts  vs  tension 

STUDY  NO.  2  Digital  extensor  tendon  repairs  in  monkeys 

STUDY  HO.  ?.  Study  of  autogenous  graft  techniques  to  restore 
auscle  functions  after  traumatic  injury 

STUDY  NO.  1  The  ulnar  nerve  of  the  domestic  cat  was  used  as  a  model 
for  repair  of  lacerated  peripheral  nerves.  Sixteen  cats  underwent  bi¬ 
lateral  ulnar  neurorrhaphy  after  a  2  cm  segment  of  the  nerve  was  re¬ 
moved.  By  using  microsurgical  methods,  one  side  was  repaired  by  an 
epinourial  technique  under  tension,  and  the  other  side  was  repaired  by 
using  multiple  aural  nerve  grafts.  All  cats  were  evaluated  for  return 
of  function  6  months  following  nerve  repairs.  There  was  no  statistical 
difference  between  these  2  techniques  in  overcoming  segmental  nerve  de¬ 
fects  in  cats,  which  suggests  that  moderate  tension  is  neither  worse, 
nor  better,  than  inserting  avascular  grafts.  The  results  of  either 
technique  were  not  as  good  as  those  seen  with  *nd-to-end  repair  of  a 
nerve  when  no  segment  existed.  The  rate  and  morphometric  pattern  of 
A«or.  i»  ut.!;;*  examined  by  ae^-^ntic!  bJopc4.ns  of  the  ulnar 

nerves  of  rhesus  monkeys  at  weekly  intervals  following  neurorrhaphy. 

STUDY  NO.  2  Twenty-four  adolescent  and  three  skeletally  mature  rhesus 
monkeys  underwent  comaon  digital  extensor  tendon  transection  and  repair 
in  the  mid-metacarpal  region  of  the  index  and  little  fingers.  Regard¬ 
less  of  the  period  or  method  of  immobi lization,  tenodesis  occurred  in 
none  of  the  repaired  tendons.  Consequently,  it  has  not  been  possible 
to  determine  the  optimal  period  of  Immobilization  when  this  animal 
model  is  used.  Regardless  of  the  period  of  immobilization,  tensile 
strength  did  not  start  to  increase  appreciably  until  the  21st  postopera¬ 
tive  day.  An  excellent  histologic  study  of  the  healing  processes  of 
repaired  extensor  tendons  has  new  been  cotap leted. 


STUDY  NO.  3  Several  methods  were  used  to  autotransplant  and  free- 
graft  partial  or  entire  skeletal  muscles  in  cats.  Electromyographic 
studies  and  later  histologic  studies  were  completed  on  the  grafted 
muscles.  Regardless  of  the  method  used,  no  successful  technique  was 
found  to  maintain  viability  of  the  grafted  muscles.  This  study  has 
been  terminated. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  015  Animal  Models  for  Surgical  Repair 

of  Musculoskeletal  Structures 

STUDY  NO.  1  Nerve  repair  in  cats:  grafts  vs 

tension 

PROBLEM 

Peripheral  nerve  injuries  orn  coc  in  both  combat  and  noncombat 
military  accidents.  Many  oi  the  war  injuries  from  the  Vietnam  conflict 
included  severe  damage  to  the  peripheral  nerves  of  the  upper  and  lower 
extremities.  During  one  24-month  period,  54%  of  all  casualties  in 
military  hospitals  had  such  injuries.  Although  our  technical  capabili¬ 
ties  in  tite  surgical  repair  of  peripheral  nerves  have  progressed  greatly 
during  the  last  several  years,  we  still  do  not  have  «  good  method  of 
managing  segmental  nerve  defects.  Tension  at  the  repair  site  is  con¬ 
sidered  detrimental  to  nerve  regeneration  and  healing.  Consequently, 
the  use  ot  a  multiple  nerve  graft  has  been  advocated.  Problem  of 
repairing  a  nerve  under  tension,  where  joints  must  be  flexed,  nerves 
must  be  mobilized,  and  vascularity  is  diminished,  are  not  completely 
overcome  by  the  use  ot  multiple  nerve  grafting  procedures  in  which  an 
avascular  unmatched  segment  is  used  to  bridge  the  defect  and  relieve 
tension,  intrafaseicular  grafting  not  only  results  in  the  interposi¬ 
tion  of  an  avascular  segment  which  loses  all  endoneurial  elements  and 
structure,  but  this  technique  also  requires  2  separate  neurorrhaphies 
which  regenerating  ncurites  must  cross.  Ve  know  of  no  evaluation 
comparing  nerve  repairs  with  tension  ».o  those  neurorrhophico  which  huva 
been  done  with  the  use  of  multiple  grafts.  This  study  critically  com¬ 
pares,  by  objective  evaluation,  epineurial  end-to-end  repuirs  with 
tension  to  interfascicular  grafts  crx.e  without  tension  following  loss 
of  a  nerve  segment . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

We  have  previously  described  an  experimental  model  for  peripheral  nerve 
repair  by  using  both  ulnar  nerves  of  domestic  cats.  In  the  present 
study,  16  house  cats  underwent  bilateral  resection  of  a  2  cm  length  of 
the  ulnar  nerve  proximal  to  the  medial  humoral  epicondyle.  One  nerve 
was  sutured  under  tension  with  size  8-0  nylon  by  using  an  epineurial 
technique.  The  other  nerve  was  repaired  by  using  a  multiple  caudal 
cutaneous  sural  graft  that  eliminated  all  tension  at  both  suture  lires, 
Size  10-0  nylon  was  used  to  suture  the  grafts,  Microsurgical  technique 
was  used  for  all  nerve  repairs.  Six  months  after  the  nerve  sutures, 
cats  were  evaluated  for  comparison  of  return  of  function.  Subjective 
evaluation  included  observation  of  gait,  ability  to  fan  claws  (intrinsic 
function),  and  withdrawal  from  pin  prick  (sensation).  Objective  evalu* 
ation  included  efficiency  and  maximum  ntrength  of  the  ulnar  innervated 
flexor  muscles,  weight  of  the  flexor  carpi  ulnarl*  muscle,  and  regrowtb 
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of  myelinated  nerve  fibers  by  total  axon  counts  proxin-ai  and  distal  to 
the  repairs. 

Evaluations  have  been  completed  and  statistically  analyzed.  There  was 
no  statistical  difference  between  these  2  techniques  in  overcoming  seg¬ 
mental  nerve  defects  in  cats;  these  findings  suggest  that  moderate  ten¬ 
sion  is  no  worse,  nor  better,  than  inserting  avascular  grafts.  When 
compared  to  an  initial  study  where  nerves  were  repaired  primarily  with¬ 
out  tension,  it  was  found  th.at  all  animals  with  segmental  defects  had 
less  return  of  function  than  rhosc  animals  which  had  no  segmental  de¬ 
fect  but  merely  an  acute  laceration  and  end-to-end  repair.  To  determine 
the  rate  and  morphometric  pattern  of  axoi.  regrowth  following  nerve 
laceration  and  repair,  the  ulnar  nerves  of  6  rhesus  raonkvys  were  severed 
and  repaired  primarily.  At  one-week  intervals  beginning  7  days  after 
the  neurorrhaphies,  the  nerves  were  biopsied  and  prepared  for  light  and 
electron  microscopic  examination.  Analysis  of  these  sections  has  just 
begun,  but  it  appears  that  neuritc  sprouting  occurs  almost  immediately 
with  little  lag  time  after  transection  and  repair.  These  histologic 
examinations  will  continue  in  great  detail  as  the  biopsy  material  is 
aval  1 able . 

CONCLUSIONS 

Although  we  do  not  yet  have  a  satisfactory  answer  to  the  management  of 
segmental  defects  of  peripheral  nerves,  we  have  demor  .itrated  that 
nerve;,  repaired  without  tension,  when  compared  to  those  nerves  with 
segmental  defects,  have  a  greater  return  of  function.  We  now  also  have 
preliminary  information  indicating  that  neuritc  sprouting  occurs  almost 
immediately  after  transection  and  repair.  From  these  findings  we  con¬ 
clude  that  the  most  ideal  nerve  repair  is  one  performed  as  soon  as  pos¬ 
sible  after  the  injury  without  tension,  without  grafts,  with  atraumatic 
technique,  and  with  appropriate  alignment  of  the  fascicular  nerve  ends. 

RECOMMENDATIONS 


Hie  final  portion  of  this  study  should  be  continued  to  determine  in 
greater  detail  the  progressive  ultrast ruct oral  changes  which  occur 
following  peripheral  nerve  transection  and  repair. 

PUBLICATIONS 


None 

STUDY  NO.  2  Digital  extensor  tendon  repairs  in 

monkeys  „ 

PROBLEM 

Study  of  tendon  injuries  and  their  repair  has  centered  around  flexor 
tendons.  Lack  of  attention  to  extensor  tendon  injuries  may  be 
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attributed  to  the  fact  that  extensor  tendons  are  the  positioners  of  the 
ha.td  and  fingers,  and  they  are  the  nuscles  which  allow  the  flexors  to 
perform  the  primary  functions  of  pir.ch,  grasp,  and  hook.  C  onsequently, 
there  is  a  paucity  rc  published  data  regarding  healing  of  e  tensor  ten¬ 
dons,  even  though  extensor  tendon  injuries  are  coason  in  both  combat 
and  noncombat  situations.  When  dealing  with  a  clean,  sharp  transection 
of  an  extensor  tendon,  it  is  general  practice  to  reapproximate  the 
severed  ends  surgically  and  immobilize  the  injured  part  during  healing. 
The  optimal  duration  of  insnobi lization,  however,  is  subject  to  great 
controversy.  Prolonged  immobilization  of  a  repaired  extensor  tendon 
may  result  in  increased  scar  formation,  tenodesis,  and  contracture. 

This  may  result  in  a  temporary  or  permanent  disability  of  the  part 
served  by  the  tendon,  and  additional  surgical  procedures  such  as  teno¬ 
lysis  may  be  required  to  restore  mobility  to  the  tendon.  Conversely, 
use  of  a  repaired  extensor  tendon  too  soon  after  repair  may  result  in 
failure.  Again,  this  leads  to  additional  surgical  procedures  to  correct 
the  problems.  This  study  has  been  designed  to  determine  the  optimal 
period  of  immobilization  of  a  repaired  extensor  tendon,  and  to  help 
identify  and  describe  the  cellular  processes  involved  in  healing  of 
extensor  tendons  repaired  after  transection. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

As  previously  discussed,  we  have  described  the  histologic  appearance 
of  the  healing  extensor  tendon.  Wc  have  also  found  that  the  healing 
extensor  tendon  of  the  rhesus  monkey  does  not  develop  appreciable 
strength  until  after  21  days  following  surgery.  However,  we  have  not 
been  able  to  determine  accurately  the  optimr.l  period  of  immobilization 
following  extensor  tendon  repair  because  all  experimental  groups  healed 
in  the  same  satisfactory  manner,  and  no  tenodesis  developed  in  any  of 
the  repaired  tendons  regardless  of  the  length  and  method  of  immobili¬ 
zation.  Consequently,  we  attempted  to  produce  a  tenodesis  by  using 
animals  in  an  older  age  group,  but  our  attempts  were  still  unsuccessful. 

CONCLUSIONS 

We  feel  that  our  model  is  not  adequate  to  evaluate  the  optimal  period 
of  immobilization  of  a  repaired  extensor  tendon.  Consequently,  further 
attempts  to  make  such  determinations  will  not  be  continued  in  this 
mo^el , 

RECOMMENDATIONS 

The  final  report  of  the  histologic  appearance  of  the  healing  extensor 
tendons  is  now  in  preparation  and  will  be  completed.  No  further  studies 
will  be  conducted  using  this  animal  model. 

PUBLICATIONS 

None 
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STUDY  NO. 


3 


Study  of  autogenous  graft  techniques 
to  restore  muscle  functions  after 
traumatic  injury 


PROBLEM 


Limb  and  skeletal  muscle  viability  may  be  impaired  or  often  destroyed 
following  severe  trauma  or  limb  swelling  and  compartmental  syndrome. 
Subsequent  surgical  treatment,  which  out  of  necessity  includes  exten- 
sive  debridement  of  all  devitalized  tissues,  further  adds  to  the  func¬ 
tional  loss  and  disfigurement  of  the  part.  Currently,  there  is  no 
technique  to  restore  or  augment  severely  traumatized  skeletal  muscles 
following  such  functional  loss.  Small  muscles  have  been  used  success¬ 
fully  to  restore  function  to  sphincters  and  small  areas  of  the  face  in 
human  patients,  but  there  are  no  reports  of  successfully  replacing 
large  muscle  masses.  This  study  is  designed  to  develop  techniques  in 
animal  models  which  will  permit  large  muscle  masses  to  be  autotrans- 
planted  to  another  area  of  the  same  limb  or  a  different  limb,  restor¬ 
ing  function  to  a  severely  traumatized  part. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Several  different  techniques  were  tried  in  efforts  to  effect  free 
muscle  grafts.  The  transplanted  muscles  were  evaluated  electromyo- 
graphically  and  histologically.  Regardless  of  the  technique  usedv  we 
were  unsuccessful  in  maintaining  viability  of  our  free  muscle  grafts. 
Only  those  muscles  which  were  transplanted  by  microneurovascular 
anastomoses  returned  to  a  satisfactory  degree  of  function. 

CONCLUSIONS 


We  have  been  unable  to  develop  a  technique  of  free  muscle  grafting 
which  will  provide  an  adequate  blood  and  nerve  supply  to  the  grafts  to 
survive.  Only  those  muscles  which  are  revascularized  by  direct  vascu¬ 
lar  anastomoses  appeared  to  survive  and  regain  function. 

RECOMMENDATIONS 


Based  on  our  findings  and  our  unsuccessful  attempts  to  free-graft  par¬ 
tial  or  entire  skeletal  muscles,  we  recommend  that  this  study  should 
be  discontinued.  Further  attempts  at  such  free  muscle  grafts  are  not 
currently  justifiable. 
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23.  (0)  Fractures  and  ligamentous  injuries  due  to  combat  frequently  result  in  delayed 
healing  and  permanent  disability.  Prolonged  hospitailizat ion  and  multiple  aurgical  pro¬ 
cedure*  delayed  return  to  duty,  and  eventual  medical  separations  are  cocr<on  sequelae  to 
such  injuries.  Multiple  systemic  and  mechanical  factors  are  known  tc  retard  fracture 
and  ligament  healing,  but  considerable  controversy  still  exists  about  how  fracture  and 
ligament  healing  can  be  accelerated.  Under  this  work  unit  biochemical  alterations  and 
various  surgical  modalities  will  be  investigated.  The  results  will  be  transferred  into 
management  principles  and  techniques  for  combat  fracture  healing. 

24.  (U)  Transverse  bilateral  mid-shaft  ulnar  fractures  were  created  in  36  domestic 
house  c«ts.  The  cals  were  divided  into  6  experimental  groups  to  evaluate  the  effects 
oi  vitamin  D  metabolites,  fluoride,  calcitonin,  and  excess  phosphate  in  accelerating  or 
altering  fracture  healing.  Ten  dogs  and  six  rhesus  monkey*  underwent  bllsteral  knee 
Joint  arthrotomies  with  transection  and  repair  of  one  anterior  cruciate  ligament  in 
each  animal.  Evaluation  was  carried  out  4  months  after  the  cruciate  llgasient  repairs 
to  determine  the  restoration  of  tensile  strength  following  ligamentous  repair. 

25.  (U)  77  10  -  78  09  In  the  fracture  healing  study,  no  specific  effect*  or  differ¬ 
ences  could  be  detected  in  any  of  the  experimental  groups  using  mechanical,  radiologic, 
or  histologic  criteria.  Significant  differences  were  noted  in  scrum  chemistry  and  bone 
mineral  content.  Healing  of  the  anterior  .ruciate  ligament  in  dogs  was  unsatisf actorv 
due  to  Inadequate  ioMobilization  and  early  stress;  however,  excellent  healing  was 
accomplished  in  the  monkey  cruciate  ligaments  with  as  much  as  60~.  return  of  maximum 
strength  following  repair. 
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ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trsuai  and  Resuscitation 

WORK  UNIT  NO.  016  Studies  in  Combat  Fracture  Healing 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Effects  of  electrical  stimulation  on  experimental 
ununited  fractures  and  the  establishment  of  nutri¬ 
tional  supplemental  controls  in  accelerating  fracture 
healing 

STUDY  NO.  2  Evaluation  of  potential  combined  effects  of  electrical 
stimulation  and  nutritional  attitudes  in  accelerating 
fracture  healing 

STUDY  NO.  3  Evaluation  of  repair  techniques  in  treating  avulsion 
fractures  and  injuries  of  the  anterior  cruciate 
ligament 

STUDY  NO.  1  Electrical  stimulation  has  been  shorn  to  stimulate  hydroxy- 
apetlte  formation  and  to  heal  experimentally  produced  fractures.  Clini¬ 
cally,  electrical  stimulation  has  been  used  to  heal  delayed  or  ununited 
fractures.  An  experimental  nonunion  model  utilizing  the  canine  tibia 
has  been  developed  to  allow  controlled  investigation  of  the  role  of 
electrical  stimulation  on  ununited  fractures.  Similarly,  active  metabo¬ 
lites  of  vitamin  D,  calcitonin,  and  fluorides  are  known  to  affect  bone 
formation,  and  therefore  have  a  potential  effect  on  fracture  healing. 

The  effects  of  l,25(OH>2D3,  2A,25(OH)2l>3.  calcitonin,  fluorides,  and 
excess  phosphate  have  been  evaluated  for  their  effects  in  accelerating 
or  altering  fracture  healing  in  feline  fracture  models. 

STUDY  NO.  2  Since  electrical  stimulation  stimulates  the  healing  of 
experimental  ununited  fractures  and  osteotrophic  agents  accelerate? 
fracture  healing,  the  combined  effects  of  electrical  stimulation  and 
such  agents  are  being  evaluated.  The  selection  of  appropriate  agents 
will  be  based  on  the  results  of  Study  No.  1  of  ihis  protocol. 

STUDY  NO.  3  Surgically  produced  avulsion  fractures  and  injuries  of 
the  canine  anterior  cruciate  ligament  have  been  repaired  with  standard 
surgical  techniques.  After  satisfactory  healing,  the  knee  has  been 
evaluated  for  clinical  stability  and  restoration  of  tensile  strength 
of  the  repaired  ligament.  Gross  and  microscopic  pathologic  studies 
have  been  done  on  the  tissues. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  016  Studies  in  Combat  Fracture  Healing 

STUDY  NO.  1  Effects  of  electrical  stimulation  on 

experimental  ununited  fractures  and 
the  establishment  of  nutritional 
supplemental  controls  in  accelerating 
fracture  healing 

PROBLEM: 

A  significant  percentage  of  combat  and  noncombat  injuries  are  fractures. 
These  injuries  not  only  require  front  line  treatment  but  often  require 
rear  area  surgical  procedures  and  prolonged  hospitalizations.  Due  to 
the  adverse  environments  of  combat  zones  and  the  unique  nature  of  such 
combat-incurred  fractures,  delayed  healing  and  permanent  disability 
often  result.  Since  electrical  stimulation  has  been  shown  to  stimulate 
fracture  healing  and  the  healing  of  delayed  or  ununited  f rat. Lures,  it 
is  the  purpose  of  this  investigation  to  evaluate  the  role  of  electrical 
stimulation  in  accelerating  fracture  healing  and  preventing  ununited 
fractures.  Various  osteotrophic  agents  have  been  implicated  in  stimu¬ 
lating  fracture  healing,  and  deficiencies  of  these  agents  have  resulted 
in  delayed  fracture  healing.  This  study  also  will  evaluate  the  poten¬ 
tial  roles  cf  such  agents,  i'  luding  vitamin  D,  calcitonin,  fluorides, 
and  excess  phosphate  (reversed  calcium-phosphate  ratio)  in  accelerating 
cr  altering  fractuie  healing  and  preventing  ununlted  fractures. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Prototypical  studies  with  canine  tibiae  have  resulted  in  the  develop¬ 
ment  of  a  bilateral  experimental  nonunion  model.  Other  techniques  for 
developing  nonunion  ....dels  have  been  described,  have  been  uti.izea  in 
similar  studies,  and  have  shown  that  electrical  stimulation  does 
accelerate  or  produce  fracture  healing  in  nonunions. 

Thirty-six  domestic  house  cats  underwent  bilateral  midshaft  ulnar 
osteotomies  and  were  divided  into  6  test  groups  for  » valuation  of 
osteotrophic  agents.  The  study  groups  included  a  control  group,  a 
pathologic  group  with  excess  phosphate,  and  the  following  experimental 
groups:  l,25(OH>2D3,  2A,25(OH)2Dj,  fluoride,  and  calcitonin.  Twelve 
weeks  after  the  osteotomies,  the  animals  were  evaluated  for  fracture 
healing,  bone  mineral  content,  serum  chemistry,  and  alterations  in 
calcium  phosphorus  metabolism. 

CONCLUSIONS 

Evaluation  of  data  obtained  in  the  cat  fracture  study  haa  indlcatad  that 
none  of  the  osteotrophic  agents  accelerated  or  altered  the  rate  of  frac¬ 
ture  healing  In  any  of  the  experimental  groups.  Statistically  signifi¬ 
cant  differences  were  noted  in  the  serum  chemistries  and  bona  mineral 
content  between  the  various  groups. 
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recommendations 


Evaluation  of  data  should  continue  in  order  to  determine  if  any  subtle 
statistical  differences  existed  between  the  experimental  groups,  and  if 
any  deleterious  effects  were  produced  by  the  osteotrophxc  agents. 

PUBLICATIONS 


None 

STUDY  NO.  2  Evaluation  of  potential  combined 

effects  of  electrical  stimulation 
and  nutritional  attitudes  in 
accelerating  fracture  healing 


PROBLEM 

Since  it  has  been  shown  that  electrical  stimulation  accelerates  frac¬ 
ture  healing  with  mechanical  strength  increased  approximately  30X,  it 
Is  possible  that  substrates  and  osteotrophic  agents  may  become  the 
rate- limiting  factor  if  they  arc  not  available  in  adequate  amounts. 

In  Study  No.  1,  the  potential  roles  of  l,23(OH)?D3,  24,25(011)203, 
calcitonin,  fluorides,  and  excess  phosphate  in  accelerating  or  altering 
fracture  healing  have  been  evaluated.  I f  it  can  be  shown  statistically 
that  one  of  these  agenta  accelerates  fracture  healing,  then  the  combi¬ 
nation  of  that  agent  with  electrical  stimulation  nay  further  accelerate 
fracture  healing  so  as  to  provide  earlier  return  to  duty  for  the  combat 
Injured  soldier  and  to  reduce  the  incidence  of  delayed  or  ununited 
fractures. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Since  the  results  of  Study  No.  1  are  Incomplete,  no  work  has  been  done 
on  this  study. 

CONCLUS IONS 


None 

RECOfCNOAT  IONS 
None 

PUBLICATIONS 

None 


400 


i 


STUDY  SO.  3  Evaluation  of  repair  techniques  in 

treating  avulsion  fractures  and 
injuries  of  the  anterior  cruciate 
ligament 

PROBLEM 

Incompetence  cf  the  anterior  cruciate  ligament  and  the  resulting  rota¬ 
tory  Instability  of  the  knee  is  a  militarily  devastating  handicap.  A 
significant  percentage  of  soldiers  who  sustain  anterior  cruciate  liga¬ 
ment  Injures  in  training  or  combat  develop  knee  instability  and  require 
medical  separation  regardless  of  methods  of  treatment.  Although  excel¬ 
lent  functional,  anatomical,  and  biomechanical  studies  of  the  anterior 
cruciate  ligament  have  been  reported,  there  is  still  considerable  dis¬ 
agreement  as  to  whether  a  ruptured  or  avulsed  anterior  cruciate  liga¬ 
ment  should  be  repaired,  discarded,  replaced,  or  ignored.  This  study 
will  investigate  the  results  of  repairs  in  the  proximal  and  distal  por¬ 
tions  of  the  anterior  cruciate  ligament  and  the  potential  role  of  sup¬ 
plemental  autogenous  or  synthetic  materials  in  repairing  or  replacing 
Injured  anterior  cruciate  ligaments. 

RESULTS  AND  DISCUSSION  Or  RESULTS 

Ten  dogs  and  six  rhesus  monkeys  underwent  transection  and  repair  of  the 
anterior  cruciate  ligament  at  either  the  femoral  or  tlbial  end.  Seven 
of  the  ten  canine  and  all  of  the  monkey  ligaments  that  had  beer,  tran¬ 
sected  and  repaired  did  heat.  Functional  and  vlir.ical  instability  was 
demonstrable  in  all  knees,  but  the  monkeys  developed  less  degenerative 
changes  and  had  grossly  more  normal  appearing  ligaments  after  the  repairs. 
Failure  testing  on  an  tnstron  Materials  Testing  Machine  revealed  maximum 
strength  of  the  repaired  ligaments  to  t>e  only  10. 4X  for  the  femoral  re¬ 
pairs  and  2.07.  for  the  tibial  repairs  in  the  dogs  compared  to  the  con¬ 
trol  knees.  In  monkeys,  the  femoral  repairs  were  46. 8%  and  the  tibial 
repairs  62.67.  of  the  control  knees. 

CONCLUSIONS 

Under  appropriate  conditions,  acutely  injured  anterior  cruciate  liga¬ 
ments  tnat  are  appropriately  repaired  do  have  the  potential  of  healing 
as  shown  In  this  study.  Therefore,  injured  anterior  cruciate  ligaments 
that  can  be  repaired  should  be  repaired.  Perhaps  supplemental  dynamic 
and  static  supporting  procedures  should  be  used  to  augment  the  acute 
anterior  cruciate  ligament  repair.  Adequate  immobilization  for  a  suf¬ 
ficient  period  of  time  seems  to  be  essential  in  protecting  and  all.wing 
satisfactory  healing  of  the  repaired  anterior  cruciate  ligament.  Fol¬ 
lowing  adequate  immobilization,  avoidance  of  early  stress  is  crucial. 
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RECOMMENDATIONS 


Based  on  the  results  of  this  study  where  inadequate  immobilization  and 
early  stress  produced  unsatisfactory  healing  of  repaired  anterior  cru¬ 
ciate  ligaments,  an  experimental  model  has  been  developed  to  supplement 
the  repaired  anterior  cruciate  ligament  by  utilizing  a  portion  of  the 
patellai  tendon.  Supplementing  the  repaired  anterior  cruciate  ligament 
will  increase  the  blood  supply,  increase  the  actual  strength,  and  act 
as  an  internal  splint  for  the  healing  of  the  repaired  anterior  cruciate 
ligament.  This  experimental  model  vr i 1 1  be  evaluated,  by  similar  cri¬ 
teria,  in  an  effort  to  Improve  long-term  results  from  repaired  anterior 
cruciate  ligaments. 

PUBLICATIONS 

1.  CABAUD,  H.E.,  K.G.  RODNEY,  and  J.A.  FEAG1N.  Exper ireental  studies 
of  acute  anterior  cruciate  ligament  injury  and  repair.  Am  J  Sports  Med 
1979  ( in  press)  . 

2.  CABAUD,  K.E.  and  W.C.  RODKEY.  Use  of  a  durable,  light-weight, 
thernop last ic  cast  material.  Am  .1  Sports  Med  1978  (in  press). 
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23.  (U)  During  modern  warfare,  3-6*  of  all  combat  injuries  are  further  complicated  by 
upper  gastrointestinal  tract  hemorrhage.  This  complication  results  In  a  prolonged 
absence  from  duty  and  a  50?  mortality  rate.  The  overall  objectives  of  this  work  unit 
are  to  prevent  or  improve  therapy  of  stress  ulceration.  The  specific  objectives  are  to 
determine  If  a  htsaoral  agent  Is  responsible  for  the  stress  ulceration  occurring  in  pigs 
after  hypovolemic  shock,  and  to  determine  if  stress  ulceration  will  occur  in  hypovolemic 
pigs  If  normal  gastric  perfusion  Is  maintained. 


24,  (U)  Cross  circulation  will  be  established  between  the  femoral  vessels  of  pairs  of 
anesthetized  pigs.  One  pig  will  be  hypovolemic  (mean  arterial  blood  pressure  50  sk  Hg) 
and  the  second  pig  will  be  normovolemic.  Control  experiments  will  be  performed  with 
rwrnovolemls  in  both  animals.  Gastric  lesions  will  be  compared  at  sacrifice  24  hours 
later.  In  control  studies  the  effects  of  gastric  perfusion  at  normal  presaure  and  flow 
rate  will  be  evaluated  In  normovolemic  animals. 

i 

|  2 5 .  (U>  78  01  -  78  09  No  stress  ulcers  were  seen  In  the  normovolemic  partner  while  all 
f hypotensive  partners  had  typical  fundle  stress  ulcers  and  hemorrhage.  Technical  diffi¬ 
culties,  including  massive  gastric  wall  edema  and  mucosal  ulcerations,  after  pump- 
’ perfusion  In  normotenalve  pigs  are  being  investigated. 
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ABSTRACT 

PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  017  The  Role  of  Humoral  Agents  in  the 

Pathogenesis  of  Stress  Ulceration 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Identification  of  the  humoral  agents  associated  with 
stress  ulceration 

EX-1  Search  for  a  humoral  agent  responsible  for  ulcera¬ 
tion  during  acute  hypovolemia 

EX-2  The  effect  of  adequate  gastric  vascular  perfusion 
during  acute  hypovolemia  on  ulceration  formation 

STUDY  NO.  1  This  study  is  designed  to  determine  the  etiology  of  stress 
ulceration  so  that  modification  of  its  occurrence  by  rational  preventive 
therapy  can  be  attempted. 

Attempts  to  indicate  a  humoral  agent  as  the  etiologic  agent  have  been 
conducted  by  cross-circulaticn  between  the  femoral  vessels  of  pairs  of 
anesthetized  piglets.  One  piglet  was  hypovolemic  with  a  mean  atterial 
blood  pressure  of  50  ram  Hg,  while  the  second  piglet  was  normovolemic. 
Control  experiments  were  performed  with  both  animals  normovolemic. 

Both  animals  were  sacrificed  2U  hours  later  and  gastric  lesions  were 
compared . 

Normovolemic  animals  did  not  demonstrate  stress  ulcerations,  while  the 
hypotensive  partners  nil  had  typical  fundic  stress  ulcerations  and 
hemorrhage.  This  would  indicate  that  the  etiologic  agent  for  stress 
ulceration  is  not  transferable  by  cross-circulation. 

If  a  humoral  agent  were  responsible  for  stress  ulceration  after  hypo¬ 
volemia,  then  it  should  be  active  even  though  the  stomach  is  adequately 
perfused  with  a  normal  flow  rate,  a  normal  pressure,  and  adequately 
oxygenated  blood.  Attempts  to  answer  this  question  have  been  thwarted 
because  of  technical  difficulties,  Including  massive  gastric  wall  edema 
and  mucosal  ulcerations  in  the  normotenslve  control  pigs.  Further 
investigation  into  eliminating  these  difficulties  is  being  conducted. 


BODY  OF  REPORT 

WORK  UNIT  NO.  017  The  Role  of  Humoral  Agents  In  the 

Pathogenesis  of  Stress  Ulceration 

STUDY  NO.  1  Identification  of  the  humoral  agents 

associated  with  stress  ulceration 

EX-1  Search  for  a  humoral  agent  responsible  for  ulceration 
during  acute  hypovolemia 

PROBLEM 


Gastrointestinal  tract  hemorrhage  requiring  transfusion  occurred  iv»  3% 
of  soldiers  with  major  combat  trauma  during  a  Vietnam  study  period.  In 
a  group  of  soldiers  who  suffered  tntra-abdotalnal  trauma  treated  at  the 
24tli  Evac  Hospital,  long  ftinh,  Vietnam,  62  required  transfusion  because 
of  intestinal  bleeding.  Hemorrhage  because  of  stress  ulceration  is 
accompanied  by  a  50%  mortality  rate.  Many  cormon  battlefield  injuries 
that  would  not  prohibit  return  to  combat  within  a  30-dny  period  are 
complicated  by  upper  gastrointestinal  hemorrhage  because  of  stress  | 

ulceration.  Many  soft  t'ssue  injuries  from  missile  injury,  as  well  as  j 

arterial  disruptions  and  perhaps  simple  amputations,  would  not  in  them¬ 
selves  require  evacuation  out  of  the  corps  area  for  treatment.  Substan¬ 
tial  hypovolemia  that  accompanies  these  injuries  frequently  induces  j 

stress  ulceration  and  this  stress  ulceration  requires  additional  h>s-  j 

pitallzation  time,  additional  blood  transfusions,  and  additional  opera¬ 
tions;  all  of  which  preclude  return  to  combat  within  30  days. 

The  etiology  of  stress  ulceration  is  not  known.  Stress  ulceration  will 
occur  in  parabiotic  rote  when  only  one  rat  i3  restrained,  indicating 
that  a  humoral  agent  may  part  ini lv  be  responsible  for  restraint-induced 
ulceration  in  rats.  The  hypovolemic  piglet  is  a  well  known  model  for 
stress  ulceration.  The  objective  of  Study  No.  1  is  to  determine  if  a 
humoral  agent  is  responsible  for  ulceration  after  acute  hypovolemia  in 
pigs. 

RESULTS  AND  DISCUSSION  Qf  RESULTS 

Five  pairs  of  piglets  underwent  cross-circulation  between  the  femoral 
vessels.  One  pig  was  made  hypovolemic  with  &  mean  arterial  blood  pres¬ 
sure  of  50  mm  Hg  by  bloodletting  while  thr  second  pig  waa  maintained 
normovolemic  by  adequate  transfusion  and  fluid  replacement.  The  hypo¬ 
tension  was  maintained  for  3  hours.  The  serufc*  lactate  level*  demon¬ 
strated  that  the  hypotensive  pigs  ware  in  a  moderate  to  severe  state  of 
hypovolemia,  while  the  normotensive  pigs  had  normal  lactate  level*. 

Cardiac  output  was  also  reduced  by  approximately  50%  in  the  hypotensive 
pigs,  while  the  cardiac  output  did  not  change  in  the  normotensive  pigs* 

At  sacrifice  24  hours  later,  the  normotensive  pigs  had  normal  appearing 
stomachs  with  no  hemorrhage  and  no  ulceration.  The  hypotensive  pigs 
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demonstrated  typical  1-2  cm  linear  ulcerations  in  the  fundus  with  mul¬ 
tiple  areas  of  ecchymosis  and  frank  hemorrhage.  Control  experiments, 
with  normovolemic  pigs  being  cross-transfused  at.  in  the  experimental 
study,  demonstrated  no  ulceration  in  either  pig  at  24  hours  sacrifice 
later. 

CONCLUS IONS 

There  is  no  evidence  for  a  humoral  agent  associated  with  the  stress 
ulceration  that  occurs  after  acute  hypovolemia  in  pigs. 

RECOMMENDATIONS 

Further  studies  are  now  in  progress  to  cross-circulate  total  blood  flow 
from  the  thoracic  aorta  of  the  2  pigs  rather  than  the  femoral  vessels, 
so  that  complete  transfer  of  cardiac  output  is  possible.  Preliminary 
data  in  control  pigs  demonstrate  that  thoracotomy  and  cannulation  of 
the  thoracic  aorta  is  enough  stress  to  cause  mild  areas  of  hemorrhage 
in  the  stomach.  Work  should  be  continued  until  studies  can  be  performed 
with  no  ulceration. 

PUBLICATIONS 

None 

EX-2  The  effect  of  adequate  gastric  vascular  perfusion  during 
acute  hypovolemia  on  ulceration  formation 

PROBLEM 

if  a  humoral  agent  is  responsible  for  stress  ulceration,  then  stress 
ulceration  would  still  occur  even  though  the  stomach  was  adequately 
perfused  during  hypovolemic  hypotension.  The  objective  of  this  study 
was  to  determine  if  a  humoral  agent  is  active  when  gastric  ischemia 
during  acute  hypovolemia  is  prevented. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Five  pigs  were  anesthetized  and  the  abdomen  opened  in  the  midline. 

The  celiac  axis  was  isolated  and  cannulated  for  perfusion.  The  first 
5  animals  were  perfused  with  homologous  blood  with  the  aid  of  a  roller 
pump  for  3  hours.  The  animals  were  maintained  at  normal  blood  pressure. 
All  b  control  animals  demonstrated  severe  gastric  wall  edema  and  mu¬ 
cosal  ulcerations  at  sacrifice  24  hours  later. 

CONCLUSIONS 

At  the  present  time,  definite  conclusions  concerning  the  objective  of 
the  study  have  not  been  made. 
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RECOMMEKDAT  IONS 

Since  technical  difficulties  of  perfusing  the  gastric  vasculature  exist, 
we  are  attempting  modifications  of  operative  procedures  and  use  of  dif¬ 
ferent  pumps.  These  studies  should  be  continued  until  gastric  ischemia 
can  be  prevented  when  hypovolemia  occurs  secondary  to  massive  trauma. 

PUBLICATIONS 

None 
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23.  (U)  Hemoglobin,  free  of  cell  constituents,  can  provide  the  basis  for  an  ideal 
resuscitating  fluid  for  the  severely  wounded  soldier.  It  has  several  advantages  as 
compared  to  other  blood  substitutes  or  plaseut  expandet*.  I:  Is  capable  of  in  vivo 
on-loading  and  off-loading  oxygen  with  sufficient  efficiency  to  calntain  oxygen 
consueptlon  In  experlsental  anissals  tendered  virtually  free  of  circulating  red  cells. 
Henoglobin  can  be  stored  for  extended  tine  thus  allevlatlnr  logistic  preblcn*  in  fluid 
therapy  of  was*  casualties  In  ceabat  situation?.  The  object  of  these  studies  Is  to 
evaluate  the  effectiveness  of  the  heroglobln  solution  *t,  a  resuscitating  fluid  for 
military  use. 

24.  (U)  Hemoglobin,  prepared  bv  crystallisation  fror  outdated  huean  red  cell*  Is  being 
evaluated  as  c  cell-free  resuscitation  solution  In  anica:  -.odcl*  for  It*  effect  on 
critical  organ  function  and  naintaanne*  of  »orphe>loglc.il  integrity.  Formulations 

of  solution*  optimal  with  rejard  to  concentration  and  physics:  conf lguratlon  of  the 
hemoglobin  molecules  are  being  Investigated. 

25.  (UJ  7?  10  -78  09.  Hasoglob.tn  solutions,  lvophlllted  In  the  presence  of  a 
stabillxer,  can  be  stored  for  at  least  6  nonth*  at  25  C  or  for  a  longer  period  tt  4  C 
without  deterioration.  Lyoph lined  hemoglobin  reconstituted  7  tenths  after  storage  w as 
used  for  transfusions  In  rats  and  waa  effective  as  a  blood  substitute.  A  14  g/dl 
heeoglobln  solution,  u*»d  a*  «  perfusate  In  an  isolated  llvrr  'vdsl.  maintained  the 
respiratory  netabolisn  of  the  cell#.  Studies  or  the  encapsulation  of  hccoglobin 

have  been  initiated. 
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ABSTRACT 


PROJECT  NO.  3S162172A814  Basic  Mechanisms  of  Recovery  frost 

Injury 

WORK  UNIT  NO.  019  Investigation  of  Cell-Free 

Resuscitating  Solutions 

Crystalline  hemoglobin  solution,  developed  in  our  laboratory, 
has  been  evaluated  further  and  the  results  demonstrate  that 
hemoglobin,  because  of  its  ability  to  transport  oxygen  and  to 
maintain  oncotic  pressure,  can  provide  the  basis  for  a  useful  re¬ 
suscitating  solution  for  ths  severely  mounded  soldier. 

Perfusion  studies  of  hemoglobin  solution  in  ths  isolated  rat 
liver  indicate  that  cellular  respiratory  metabolism  can  be 
maintained  with  the  same  efficiency  as  that  of  whole  blood. 
Biochemical  and  ultrastructural  studies  of  several  rat  organ 
tissues  after  massive  transfusions  with  a  crystalline  hemoglobin 
solution  demonstrate  that  ths  structural  integrity  of  the  liver, 
kidney,  and  brain  is  maintained  just  after  hemoglobin  infusion. 
However,  as  the  hemoglobin  disappears  from  plasma,  reversible 
changes  arc  observed  in  the  morphology  of  the  live?  ~-'d  also 
in  b?ond  volume.  This  temporary  loss  of  blood  volume  could 
be  prevented  by  addle ion  of  a  email  quantity  of  albumin  to  the 
hemoglobla  solution  infused.  The  storage  stability  of  hemoglobin 
in  solution  represents  an  important  characteristic  for  stockpiling 
this  blood  substitute.  Solutions  of  hemoglobin  can  be  lyophiliaed 
(freexe-drled)  in  the  presence  of  glucose  as  a  stabiliser  and 
maintained  as  a  powder  for  at  least  6  months  st  room  temperature 
or  for  longer  periods  of  time  at  lower  temperatures.  Thus,  ths 
tiwe  of  transfusion,  addition  of  sterile  water  is  required  to 
obtain  e  solution  ready  for  fluid  therapy.  The  possibility  of 
producing  sterile  water  in  field  situations,  by  using  available  water 
pools,  has  been  investigated.  Lyophllixsd  hemoglobin,  reconstituted 
7  months  after  storage  at  room  temperature  wee  used  for  transfusion 
in  rats  and  proved  to  be  beneficial  in  restoring  and/or  maintaining 
vital  functions.  The  storage  stability  of  hemoglobin  in  liquid  or 
dry  form  is  essential  for  stockpiling  sad  fulfilling  tbs  logistic 
requirements  for  supply,  storage,  and  transport  when  massive  fluid 
support  is  needed  in  the  transfusion  of  military  casualties  as  well 
ea  civilian  casualties  in  accidents  and  mass  disasters. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  019  Investigation  of  Cell-Free 

Resuscitating  Solutions 

PROBLEM 

It  has  long  been  evident  that  significant  advantages  can  be  gained 
by  the  development  of  a  resuscitating  solution  capable  of  transporting 
oxygen,  maintaining  oncotic  pressure,  and  being  readily  available  when 
massive  clinical  transfusions  are  required.  Stringent  requirements 
must  be  met  by  any  resuscitating  solution  in  order  to  be  effective. 

As  a  blood  substitute,  this  solution  not  only  must  be  capable  of 
restoring  vital  functions,  but  also  must  not  elicit  permanent  adverse 
effects  when  administered  to  mass  casualty  victims.  Furthermore,  it 
must  be  uniquely  suited  to  fulfill  the  supply,  storage,  and  transportation 
requirements  for  field  use  in  combat  situations.  Plasma,  dextran, 
albumin,  and  other  preparations  iiave  been  used,  and  alttsough  they  appear 
to  be  effective  as  plasma  expanders,  they  do  not  transport  oxygen.  As 
a  resuscitating  fluid,  blood  has  a  limited  storage  life,  must  be 
stored  in  bulky  energy-requiring  refrigerators,  and  requires  typing 
and  cross-matching  prior  to  use. 

In  most  civilian  settings  in  this  country,  the  transfusion  require¬ 
ments  associated  with  massive  trauma  can  be  met  with  conventionally 
stored  blood  and  its  components.  However,  military  field  requirements 
frequently  demand  massive  fluid  support  in  areas  remote  from  supply 
sources.  The  inability  to  predict  when  modest  transfusion  requirements 
may  suddenly  lncrcsse  complicates  fluid  therspy  logistics.  The 
ability  to  stockpile  a  stable  protein  solution  capable  of  carrying 
and  exchanging  oxygen  would  minimize  many  of  these  difficulties. 

Hemoglobin  is  a  protein  which  has  such  potential.  A  solution  of 
hemoglobin  presents  numerous  advantages  as  compared  to  other  blood 
substitutes  or  plasma  expanders.  Hemoglobin  is  a  component  of  normal 
blood,  can  be  prepared  from  outdated  human  erythrocytes,  does  not 
require  typing  or  cross-matching  prior  to  use,  is  capable  of  transporting 
oxygen  to  the  tissues,  has  oncotic  activity,  has  low  viscosity, 
does  not  cause  miemaggr agates,  and  may  not  Induce  significant 
immunologic  reaction.  Furthermore,  hemoglobin  is  highly  soluble 
in  physiological  solutions  end  can  be  stored  for  extended  periods 
of  tine. 

The  potential  value  of  hemoglobin  solution  as  an  oxygen-carrying 
blood  substitute  has  been  recognised  also  in  some  special  situations. 

(1)  This  solution  could  be  used  in  the  treatment  of  hemorrhagic 
shock  in  circumstances  where  compatible  blood  is  not  available 
or  in  cases  in  which  constriction  of  the  capillary  vessels  in  the 
microcirculation  would  dictate  the  use  of  s  fluid  with  a  lower 
viscosiey  than  blood  for  normovolemic  heoodllutlon.  (2)  It  could 
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be  helpful  in  the  military  field  operating  room  when  prolonged 
and  continued  blood  loss  occurs;  until  bleeding  is  under  control, 
hemoglobin  solution  could  be  used,  thus  saving  a  large  volume  of 
donor  blood  which  could  be  more  properly  utilized  later.  (3)  In 
open  heart  surgery,  hemoglobin  solution  could  be  of  great  advantage 
in  priming  the  pump  and/or  maintaining  circulation  during  surgery, 
again  saving  the  patient  blood  intact,  without  any  mechanical  stress, 
for  better  utilization  at  the  end  of  surgery.  (4)  Hemoglobin  solution 
can  be  used  as  s  perfusate  to  preserve  various  organs  for  long 
periods  of  tine  in  a  normothermic  environment,  maintaining  the 
normal  oxygen  tension  and  oncotic  pressure  necessary  during  preservation. 
(3)  In  netabclic  studies,  solutions  of  hemoglobin  can  be  formulated 
with  the  required  components  and  used  in  organ  perfusion  allowing 
results  which  are  unaffected  by  background  compounds  which  are 
present  when  blood  is  used. 

However,  it  is  imperative  that  if  hemoglobin  is  used  as  a  blood 
substitute,  it  must  be  free  of  any  stroaal  particle,  stromal  lipid, 
or  other  soluble  and  insoluble  cell  components  which  have  been 
implicated  in  adverse  effects  on  kidney  function  and  on  coagulation 
factors.  Hemoglobin  has  the  potential  to  become  an  important 
blood  substitute  and  could  provide  the  basis  for  an  ideal  resuscitating 
solution  for  the  severely  wounded  aoldier.  The  problem  of  developing 
an  effective  blood  substitute  is  pertinent  not  only  to  military 
combat  casualties,  but  also  to  civilian  casualties  such  as  in 
accidents  and  mass  disasters. 

RESULTS  A1JI)  DISCUSSION  OP  RESULTS 

Using  the  crystallization  procedure  developed  in  our  laboratory 
for  the  isolation  of  hemoglobin  from  outdated  lysed  human  red  cells, 
investigators  at  Hyland  Division,  Travenol  Laboratories  at  Costa 
Mesa,  California  have  proceeded  with  large  scale  preparation  of 
hemoglobin.  Several  preparations  were  obtained  from  Hyland  and 
they  were  essayed  in  our  laboratory  to  ascertain  that  our  specifi¬ 
cations  were  set.  The  hemoglobin  solutions  received  were  found 
suitable  to  be  uoed  es  e  blood  substitute.  These  preparations  were 
used  by  LTC  William  Moores,  HC,  Department  of  Surgery,  LAIR,  to  study 
oxygen  transport  by  hemoglobin  solutions  across  an  isolated 
swine  heart.  Although,  after  exchange  of  blood  with  a  hemoglobin 
solution,  e  small  quantity  of  the  animal's  own  erythrocytes  were 
still  present,  provisions  were  made  for  evaluating  separately  the 
oxygen  transport  provided  by  free  hemoglobin  and  that  of  the 
residual  red  cells.  We  participated  lu  these  studies  by  monitoring 
several  biochemical  and  physiological  parameters  essential  in 
the  evaluation  of  the  ability  of  an  isolated  heart  to  perform 
useful  work  which  is  dependent  upon  adequate  oxygen  transport. 

The  model  also  provided  for  the  exaadnatlon  of  anaerobic  versus 
aerobic  metabolism  and  for  information  regarding  coronary  flow 
distribution  and  adequacy  of  tissue  oxygen  and  carbon  dioxide 
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tensions.  The  results  of  these  investigations  indicate  that 
although  hemoglobin  solution  is  not  as  efficient  as  whole  blood, 
it  provides  adequate  oxygen  delivery  to  permit  the  Isolated  heart 
to  perform  mechanical  work. 

Considerable  progress  lias  been  made  in  the  studies  on  the 
lyophillzation  of  hemoglobin  solutions  in  the  presence  of  protec- 
tive  stabilizing  agents.  Glucose  and  sucrose  were  most  active 
in  protecting  the  hemoglobin  molecule  from  transformation  to 
metiiemoglobln  during  the  lyophillzation  process.  Uemoglobln 
lyophilized  under  sterile  conditions  in  the  presence  of  3* 
glucose  and  maintained  at  4  C  did  not  show  significant  alteration 
in  structure  and  function  for  a  period  of  3  months.  Freeze-dried 
hemoglobin  samples  stored  at  25  C  were  unchanged  for  6  months,  but 
after  this  time  a  progressive  increase  in  metheooglob.ln  content 
and  decrease  in  Pse  were  observed;  after  9  months  of  storage  the 
methenoglobin  increased  from  an  initial  value  of  3  to  13  g/lOUg 
hemoglobin  and  the  Pjo  decreased  from  1G  to  12  mm  !tg<  Transfusions 
in  rats  exchanged  to  blood  replacements  of  95  or  75 *  were  performed 
with  lyophilized  hemoglobin  reconstituted  after  7  months  of  storage 
at  25  C.  Animals  transfused  with  hemoglobin  solution  to  95/i  blood 
replacement  lived  for  about  9  hours,  and,  during  this  interval, 
physical  activity  appeared  normal.  Animals  similarly  transfused 
with  albumin  solution  died  within  15  minutes  after  transfusion. 

All  sninsls  transfused  to  75*  blood  replacement  survived.  Uemoglobln, 
hematocrit,  plasma  oncotic  pressure,  Pso,  end  oxygen  capacity  were 
monitored,  and  although  changes  were  observed  after  transfusion, 
their  values  returned  to  normal  pretransfusion  levels  withir. 

7  days.  These  studies  suggest  that  lyophlllzrd-reconstituted 
hemoglobin  ic  effective  in  maintaining  vital  functions.  A 
scientific  article  reporting  the  results  of  these  studies 
has  been  submitted  and  accepted  for  publication. 

To  reconstitute  lyophilized  hemoglobin  to  a  solution  suitable 
for  transfusion,  sterile  water  is  needed.  The  possibility 
of  producing  sterile  water  utilizing  water  available  In  field 
situations  such  aa  sea,  lake,  pon'I  water  or  even  urine  was 
Investigated.  Allied  Water  Corporation,  San  Francisco, 

California  has  developed  a  compact  apparatus,  weighing 
100  pounds,  which  through  a  system  of  filtration  and  reverse 
osmosis  can  produce  drinking  water  froa  polluted  and/or  salt 
water.  We  have  analyzed  the  water  produced  by  this  apparatus 
and  the  results  show  that  organic  material,  electrolytes,  and 
other  impurities  are  efficiently  resnved.  Further  studies 
are  under  way  to  insure  that  the  water  obtained  is  completely 
sterile  end  free  of  pyrogenic  activity. 

Stability  studies  of  hemoglobin  solutions  st  freezer  (-20  C)  or 
refrigeretcr  (4  C)  temperatures  for  extended  periods  of  tin*  and 
the  investigation  of  the  plasma  oncotic  pressure  of  the  rat 
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during  and  after  transfusion  with  a  7  g/dl  hemoglobin  or  albumin 
solution  liavc  been  completed.  Two  scientific  articles  reporting 
the  results  have  been  submitted  and  accepted  for  publication. 

The  solutions  of  hemoglobin  stored  at  -20  C  demonstrated  no 
alterations  in  metbemoglobin  content,  P««,  n-values,  osmolality, 
oxygen  capacity,  Na,  K,  and  pH  after  2  years  of  storage. 

Solutions  kept  at  4  C  remained  stable  for  12  months;  after 
12  months  and  especially  after  18  months,  deterioration  was 
evident  in  the  refrigerator-stored  solutions,  as  demonstrated 
by  an  Increase  in  mcthemoglobin  content  and  a  decrease  in  the 
Ps«.  Investigations  on  the  plasma  oncotic  pressure  demonstrate 
that  tills  pressure  is  maintained  during  infusion  of  hemoglobin 
solution;  after  transfusion,  when  free  hemoglobin  disappears 
from  plasma,  the  oncotic  pressure  due  to  hemoglobin  molecules 
decreases,  but  the  rapid  intravascular  replenishment  of  plasma 
protc'  is  contributes  significantly  to  the  value  of  the  plasma 
oncotic  pressure. 

Investigations  on  possible  effects  of  hemoglobin  solution  on 
the  histology  and  ultrastructure  of  liver,  kidney,  and  brain 
cells  of  transfused  rats  have  been  expandad  to  Include  deter¬ 
minations  of  blood  volume,  analysis  of  urine  output  and  body 
weight  loss  after  transfusion.  These  studies  have  been  done  in 
cooperation  with  MAJ  Harold  Friedman,  MC,  Department  of  Surgery, 
LAHt.  In  animals  transfused  to  752  blood  replacement,  blocd 
volume  was  reduced  approximately  102  during  the  first  18  hours 
in  the  control  group  transfused  with  albumin,  while  hemoglobin 
treated  rats  experienced  a  422  blood  volume  decrement  in  only 
6  hours.  Blood  volumes  returned  to  near  normal  levels  in  all 
animals  by  24  hours.  Urine  volumes  were  three  times  greater 
in  the  hemoglobin-exchanged  group  than  in  the  albumin-treated 
group  and  the  urine  was  relatively  hypo-osmolar  in  the  former 
group  (650±73  mOsm  in  the  hemoglobin  and  1,1971103  rnOso  in  the 
albumin  groups).  In  regard  to  the  effects  on  tissue  cells,  the 
results  of  these  studies  suggest  that  hemoglobin  protects  the 
liver  from  hypoxia  loncdlately  after  exchange  transfusion, 
presumably  by  its  ability  to  transport  and  release  oxygen. 

However,  the  eventual  disappearance  of  hemoglobin  from  the  intra¬ 
vascular  space  is  associated  not  only  with  a  reduction  in  blood 
volume  but  also  with  tiie  appearance  of  hepatic  ischemia  and 
centrolobular  necrosis.  Such  alterations  are  temporary  and 
disappear  within  2  weeks  after  transfusion.  Consideration  should 
be  given  to  prevent  tliesc  teriporary  effects  by  repeated  infusions 
cf  hemoglobin  solution  or  by  prolonging  the  vascular  retention  tlM 
of  hemoglobin.  Hemoglobin,  wiien  transfused  in  massive  quantities, 
does  not  appear  to  affect  renal  or  brain  ultrastructural  morphology 
adversely.  The  results  of  these  studies  have  been  included  in 
several  scientific  articles  which  have  been  submitted  and  accepted 
for  publication. 
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In  an  attempt  to  control  the  loss  of  blood  volume  after  transfusion 
with  hemoglobin  solution  as  described  above,  rats  were  transfused 
to  752  blood  replacement  with  a  solution  containing  a  mixture 
of  hemoglobin  (72)  and  albumin  (52).  Although  no  significant 
differences  were  observed  in  the  plasma  half-time  disappearance 
time  of  hemoglobin  when  compared  with  animals  transfused  with  a 
solution  containing  only  hemoglobin,  the  loss  of  blood  volume  was 
similar  to  that  observed  in  the  animals  transfused  with  a  solution 
containing  only  albumin;  that  is,  approximately  102  blood  volume 
loss  was  noted  during  the  first  Id  hours  with  a  return  to  normal 
levels  within  24  hours.  Earlier  experiments  had  shown  chat  the 
animals  appear  to  benefit  from  the  hemoglobin-albumin  mixture 
since  all  the  animals  transfused  to  902  blood  replacement  survived 
without  additional  transfusion,  whereas  control  animals  died 
at  5  hours  following  blood  replacement  with  hemoglobin  solution 
not  supplemented  with  albumin.  As  expected,  after  transfusion 
with  henoglobin-albumin  mixtures  the  plasma  oncotic  pressure  showed 
higher  values  (34  torr)  than  normal  (10  torr,  in  the  rat); 
however,  these  values  returned  to  normal  levels  at  24  hours 
after  transfusion. 

In  cooperation  with  LTC  Michael  1>.  Caldwell,  MC,  and  MAJ  Harold  I. 
Friedman,  MC,  of  the  Department  of  Surgery,  LAIR,  preliminary 
studies  have  been  initiated  on  the  perfusion  of  Isolated  animal 
organs  with  hemoglobin  solutions.  These  studies  were  designed  to 
evaluate  the  effect  of  the  hemoglobin-oxygen  affinity  (Pso)  and 
of  the  hemoglobin  concentration  on  the  metabolic  and  respiratory 
activity  of  the  cells.  Appropriate  controls,  with  whole  blood 
as  a  perfusate,  have  been  included  in  these  studies.  Physiological, 
hematological,  and  biochemical  tests  in  tiie  perfusate  before, 
during,  and  after  perfusion,  and  electron  microscopic  analysis 
of  the  tissue  after  perfusion  have  provided  important  information 
in  regard  to  the  respiratory  metabolism  of  the  cells.  In  these 
preliminary  studies,  the  liver  of  the  rat  was  isolated  in  situ  in 
the  animal.  Under  these  experimental  conditions,  the  respiratory 
metabolism  of  the  cells  is  greatly  influenced  by  the  concentration 
of  the  hemoglobin  in  the  perfusate;  at  higher  hemoglobin  concentrations 
(14  g/dl)  the  respiratory  metabolic  activity  of  the  liver  cells  is 
comparable  to  that  observed  in  the  control  experiments  in  which 
whole  blood  was  used  as  a  perfusate.  These  studies  will  be  continued 
in  the  future;  the  organ  perfusion  model  appears  appropriate  to  study 
not  only  the  effects  of  variations  in  ttie  concentration  of  hemoglobin, 
but  also  the  effects  obtained  by  different  formulations  of  hemoglobin 
solution  containing  addition  of  different  biological  compounds  such 
as  sugars,  vitamins,  and/or  hormones.  These  investigations  could  be 
extended  to  study  the  function  of  organs  other  than  liver,  such  as 
hldney,  muscle,  heart,  and  other  organs. 

When  hemoglobin  solutiou  is  transfused  in  a  living  organism. 
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The  proportion  of  hcmoglobiu  solution  and  residual  blood  will 
vary  according  to  the  extent  of  transfusion.  It  was  considered 
important  to  have  knowledge  of  physical  and  physiological  parameters 
of  different  mixtures  of  blood  and  hemoglobin  solution.  Human 
blood  and  hemoglobin  solution  were  mixed  in  different  proportions 
and  the  relative  viscosity,  the  density,  the  oxygen  dissociation 
curves,  and  oxygen  content  of  the  mixtures  were  determined.  A 
progressive  decrease  of  relative  viscosity,  density,  and  hemoglobin- 
oxygen  affinity  (decrease  in  ?so)  ensues  as  the  proportion  of 
hemoglobin  solution  increases  in  tha  mixture.  These  results  may 
be  irportant  in  regard  to  circulation  through  microcapillaries 
which  in  conditions  of  shock  uiay  be  constricted.  A  fluid  of  lower 
viscosity  attd  density  may  be  able  to  pass  through  and  deliver 
needed  oxygen  to  the  tissue  with  greater  facility  than  a  fluid 
with  higher  viscosity  and  density.  It  is  possible  that  oxygen 
transport  by  free  hemoglobin  in  the  plasma  may  not  require  tnc 
same  P50  as  intra-erythrocytic  hemoglobin.  It  is  conceivable 
that  oxygen  delivery  way  not  be  dependent  on  the  Pso*  but  upon 
the  relative  proximity  of  the  oxyhemoglobin  molecule  to  the 
capillary  membrane.  These  possibilities  will  be  further  explored 
with  the  use  of  hemoglobin  solutions  at  different  concentrations  and 
determining  the  contributions  to  the.  oxygen  dissociation  curves 
by  the  free  and  erythrocytic  hemoglobin  in  the  mixtures. 

Hemoglobin,  as  prepared  by  the  crystallization  procedure,  contains 
small  quantities  of  several  glycolytic  enzymes  which  are  tightly 
bound  to  the  hemoglobin  molecule.  By  treatment  with  CM— Sephadex 
or  DKAE— cellulose,  the  enzymatic  proteins  were  quantitatively  separated 
from  the  hemoglobin  molecule  and  spotted  on  polyacrylimidc  gel- 
-electrophoresis,  lhe  remaining  hemoglobin,  stripped  of  glycolytic 
enzymes  as  described,  appears  to  be  affected  adversely;  the  results 
demonstrate  a  decrease  in  Pso  (higher  oxygen  affinity)  and  a  marked 
increase  in  ncthemoglobin  content.  Samples  of  hemoglobin  solution, 
separated  enzymes  and  stripped  hemoglobin  have  recently  been  sent 
to  E.  Sarcionc,  Ph.l).  at  Roswell  Park  Memorial  Institute  in  Buffalo, 

New  York,  for  determination  of  possible  antigenic  activity. 

In  normal  blood,  hcnoglobin  molecules  are  confined  inside  the 
red  cell  which  may  be  conceived  ns  a  bag  of  lipid  and  protein 
material  containing  a  solution  of  hemoglobin,  enzymes,  and  other 
biological  compounds  essential  for  glucose  metabolism.  We  are 
exploring  the  possibility  of  encapsulating  the  hemoglobin 
molecules,  free  in  a  solution,  in  an  artificial  membrane  which 
simulates  the  red  blood  cell.  The  formation  of  such  artificial 
cells  (microcucapsulation)  can  be  achieved  by  treatment  of  the 
hemoglobin  solution  with  lipid  substances,  or  gel,  and/or  cellulose 
material.  The  hemoglobin  molecules  would  remain  enclosed  in  an 
artificial  membrane  or  in  the  matrix  of  the  gel.  It  is  hoped 
that  by  this  process  the  retention  of  the  hemoglobin  in  the 
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plasna,  when  infused,  would  be  prolonged  so  that  Che  effect  of 
hemoglobin  on  oxygen  transport  and  delivery  to  the  tissue  would 
be  maintained  for  longer  periods  of  tine.  It  is  possible  that 
encapsulation  will  allow  the  hemoglobin-oxygen  affinity  and  the 
concentration  of.  hemoglobin  to  be  approximated  to  the  normal 
values  of  wliole  blood.  Preliminary  results  indicate  that 
encapsulating  hemoglobin  molecules  in  gel  matrix  or  lipid  membranes 
is  possible,  but  the  feasibility  of  such  processes  from  a  clinical 
point  of  view  will  have  to  be  investigated. 

CONCLUSIONS 

Crystalline  hemoglobin  solution,  developed  in  our  laboratory,  lias 
been  further  evaluated.  Hemoglobin,  because  of  its  ability  to 
transport  oxygen  and  maintain  oncotic  pressure,  could  provide  the 
basis  for  a  useful  resuscitating  solution  for  the  severely  wounded 
soldier.  As  a  blood  substitute,  hemoglobin  appears  beneficial  in 
restoring  and  maintaining  vital  functions  and  does  not  directly 
cause  adverse  effects  in  the  ultrastructurc  of  liver,  kidney,  or 
brain  cells,  as  demonstratsd  by  the  results  of  the  morphology  of 
these  organs  after  massive  transfusions  with  crystalline  hemoglobin 
solution.  The  storage  stability  of  hemoglobin  in  solution  represents 
a  decisive  advantage.  Solutions  of  hemoglobin  can  be  lycphilized 
(f recze-dried)  in  the  presence  of  a  stabilizer  and  maintained  as  a 
pov<ier  for  at  least  6  months  at  room  temperature  or  for  a  longer 
period  of  tine  in  a  refrigerator.  At  the  time  of  transfusion 
addition  of  sterile  water  is  required  to  obtain  a  solution  ready 
for  fluid  therapy.  The  storage  stability  of  hemoglobin  in  liquid 
or  dry  form  is  essential  for  stockpiling  and  fulfilling  the  logistic 
requirements  for  supply,  storage,  and  transport  where  massive  fluid 
support  is  needed  in  the  transfusion  of  military  casualties  as  well 
as  civilian  casualties  of  accidents  and  mass  disasters.  Investiga¬ 
tions  designed  to  Improve  the  formulation  of  hemoglobin  solution  as 
a  blood  substitute,  such  ss  increasing  the  concentration  of  hemoglobin 
or  encapsulating  the  molecule  in  an  artificial  nembrane,  are  in 
progress. 

KEC01MEHDATI0HS 


Investigations  aimed  at  prolonging  th*  plrsma  retention  of  hemoglobin 
either  by  chemical  manipulation  of  the  hemoglobin  molecule  or  by 
encapsulation  should  be  continued  and  intensified.  The  evaluation 
of  the  effectiveness  of  hemoglobin  solution  in  the  isolated  organ 
model  should  be  focused  on  exploring  different  formulations  of  this 
blood  substitute  end  the  effect  on  the  functional  activity  of  the 
organ  and  on  the  respiratory  metabolism  of  the  cells. 
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A  commercial  company  is  now  capable  of  providing  large  quantities 
of  crystalline  hemoglobin  which  should  be  used  for  clinical  studies 
in  higher  animals  not  only  in  our  laboratory  at  LAIR,  but  als:>  by 
other  Interested  investigators  in  other  laboratories  throughout  the 
country.  These  studies  will  allow  us  to  monitor,  with  a  high  degree 
of  accuracy,  a  larger  range  of  important  physiological,  biochemical, 
and  hcuatological  parameters.  The  amount  of  oxygen  released  by 
free  hemoglobin  at  th#  tissue  level  should  be  determined  in 
different  clinical  conditions.  The  question  of  a  possible 
saturation  or  blockade  of  the  reticuloendothelial  system  after 
infusion  of  free  hemoglobin  should  be  addressed. 

PUBLICATIONS 

1.  DEVENUTO,  F.,  W.Y.  MOORES,  A. I.  ZEGNA,  and  T.F.  ZUCK, 

Total  and  partial  blood  exchange  in  the  rat  with  hemoglobin 
prepared  by  crystallization.  Transfusion  17:555,  1977 

2.  FRIEDMAN,  H.I.,  F.  DEVENUTO,  T.F.  ZUCK,  P.  MKLLICK,  and 
L.  LOLLINI.  The  histological  and  ultra-structural  effect  of 
stroma-free  hemoglobin  solution  on  rat  liver,  kidney,  and 
brain.  (Abstract)  Surg  Forum  28:3,  1977 

3.  ZUCK,  T.F. ,  F.  DEVENUTO,  J.R.  NEVILLE,  and  H.I.  FRIEDMAN. 

Oncotic  and  oxygen  transport  effects  of  hemoglobin  solutions. 

In:  Blood  Substitutes  and  Plasms  Expanders,  edited  by  G,.A. 

Jamieson  and  T.J.  Creenvalt.  New  York:  Alan  K.  Lias,  1978 

A.  DEVEI.TJTO,  F,  Crystalline  hemoglobin  solution  foreseen  as 
blood  substitute.  Army  R  A  D  19:10,  1978 

5.  DEVENUTO,  F.  Trasfusioni  con  emoglobina  preparata  mediant* 
crlstall irzaiionr.  La  Trasfusionc  del  Sangue  23:83,  1978 

6.  DEVENUTO,  F.,  and  A. I.  ZEGNA.  Plasma  oncotic  pressure  during 
and  after  blood  exchange  with  crystalline  hemoglobin  solution. 

Surg  Gynecol  Obstet  (in  press) 

7.  DEVENUTO,  F.,  A.l.  ZEGNA,  and  K.R.  BUSSE.  Lyopblllzation  of 
crystalline  hemoglobin  solution  and  exchange  transfusion  with 
lyophilized-reconstituted  hemoglobin.  Surg  Gynecol  Obstet  (in 

press) 

8.  DEVENUTO,  F.  Stability  of  crystalline  hemoglobin  solution 
during  extended  storage.  J  Lab  Clin  Med  (in  press) 


41? 


9.  FRIEIXtAN,  H.I.,  F.  DEVENUTO,  L.  LOLLINI,  P,  MELLICK,  and 
T.F.  ZICK.  Morphological  effects  following  aeaaive  transfusions 
with  a  stroma-fr^a  hemoglobin  solution.  I.  Liver.  Lab  Invest 
39:167,  1976 

10.  FRIEDMAN,  H.I.,  F.  DEVENUTO,  L.  LOLLINI,  P.  MKLLICK,  and 
T.F.  ZUCK.  Morphological  effects  following  massive  transfusions 
with  a  stroma-free  hemoglobin  solution.  II.  Kidney  and  brain. 

Lab  Invest  (in  press ) 

11.  O'E/'KA,  P.A.,  F.  DEVENUTO,  P.  KELLiCK.,  R.A.  PATTERSON,  and 
G.E.  ESGaNDARIAM.  Behavioral  effects  of  massive  transfusion  with 
cell-free  resuscitating  solutions.  Report  No.  45.  San  Francisco, 
CA:  Letterman  Army  Institute  of  Research,  1978 

12.  O’JtARA,  P.A.,  F.  DEVENUTO,  and  G.E.  ESGANDARIAN,  Fixed 
ratio  performance  in  rats  following  massive  transfusion  with 
cell-free  resuscitating  solutions.  Report  No.  46.  San 
Francisco,  CA:  Letterman  Army  Institute  of  Research,  1978 


APPENDIX  A 


PUBLICATIONS  ACCESSIONED  -  FISCAL  YEAR  1978 
INSTITUTE  REPORTS 


FOSTER,  J.F.,  J.L.  FOWLER,  J.T.  FRUIN,  L.S.  GUYHF.RTZ , 

E,l.  SimOYF.R,  H.F.  SHALABY,  and  R.C.  HUNDERFUND. 

A  survey  of  cho  microbial  flora  of  gr.mnd  beef,  textured 
aoy  protein  and  textured  toy  protein  extended  ground  beef 
after  3  uaye  and  10  days  storage  at  4C.  December  1977 

JOHNSON,  ILL. ,  C.F.  CuNSCLAZIO,  R.F.  BURK,  T.A.  DAVIS, 
and  E.G,  LUFKIN.  The  effects  of  abrupt, altitude  exposure 
(4300M)  upon  the  aetahollsa  of  glucose*  C-UL  In  man. 

January  1978 

O’HARA,  P.A.,  R.A.  PATTERSON,  G.E.  ESGANDARIAN,  F.  DEVENUTO, 
and  P.M,  HELLICK.  behavioral  effects  of  massive  transfusion 
with  cell-free  resuscitating  solutions.  January  1978 

O’MARA,  P.A.,  G.E.  ESGAHDARIAN,  and  F.  DEVENUTO.  Fixed 
ratio  performance  In  rat*  following  massive  transfusion 
with  cell-free  resuscitating  solutions.  January  1978 

CONSOLA7.10,  C.F. ,  J.A.  TILLOTSON,  and  T.A.  DAWS.  Riboflavin 
deoletlon  and  work  capacity.  January  1978 

SCHNAKENBERO,  n.D. ,  H.L.  JOHNSON,  C.F.  CONSOLAZIO,  and  R.A. 
NELSON,  Nutritional  evaluation  of  BAS/a  la  carte  f(/Od 
service  system  Lorlng  Air  Force  Base,  Maine.  February  1978 

KELLEY,  S.T.,  G.S.  WARD,  H.L.  SAY,  and  R.S.  MURRAY.  Initial 
experience  with  breeding  colony  of  owl  monkeys.  March  1978 

ZIPORIN,  Z.Z.,  P.P,  WARING,  R.L.  MORRISSEY,  and  M.E.  LYSNE. 
Effsct  of  vitamin  D  and  dietary  content  of  calcium  and 
phosphorus  cm  protain  synthesis  In  rat  duodanal  mucosa, 

March  1978 

STAMPER,  D.A.,  B.C.  LEXBRECHT,  and  A. J.  LLOYD.  Honeat  It 
Personality,  heart  rate,  urinary  catecholamine  and  subjective 
fatigue  measures  related  to  night  nap-af-tbe-eerth  flying. 
Kerch  1978 

GUT1IERTZ,  L.S.,  S.L.  TAYLOR,  and  J.L.  POWLER.  Hygienic 
Indicator  organisms*  A  comparison  of  survival  and  wiusme- 
ration  of  the  group  D  streptococci  and  Escherichia  cell 
following  freezing  *nd  frozen  storage.  April  VfTS 


1 


Publication*  Accessioned  -  Fiscal  Year  1978 

53.  KELLEY,  S.T.,  J,  SIMPSON,  and  B.C.  LCIBRECHT.  Behavioral 
taxonomy  for  ovl  monkey*.  March  1978 

54.  PRUIN,  J.T.,  H.P.  ALISHOUSE,  and  A. L.  DUNCAN,  Collaction 
of  food  microbiological  data  from  the  central  food  pre¬ 
paration  facility  pilot  kitchen.  June  1978 

55.  PRUIN,  J.T.,  J.F.  FOSTER,  D.L.  STUTZMAN,  W.H.  LANGLEY,  J.L. 
FOWLER,  and  K.E.  TREPZ.  Report  of  1976  microbiological 
data  collection  program.  June  1973 

56.  STAMPER,  D.A.  Physiological,  psychological,  and  sympto¬ 
matic  factors  affecting  physical  performance.  July  1978 

57.  MOORES,  V.Y. ,  J.P.  HANNON,  J.V.  TYBERG,  J.D.  CRUM,  W.G. 
ROPKEY,  and  D.C.  VILLFORl),  Synchronised  pulsatile  extra¬ 
corporeal  coronary  perfusion:  Its  effects  on  preservation 
of  left  ventricular  function  in  the  beating  nonworking 
canine  heart.  September  1978 

MEDICAL  AND  SCIENTIFIC  JOURNALS 

78-001  PETERSON,  L.J.,  and  D.J.  LUND.  Spectrophotometry  of  the 

canine  bladder.  Invest  Urol  15:55  1977 

78-003  PIKLE,  D.D.,  R.N,  EMPSON  JR.,  R.H.  HERMAN,  R.L.  MORRISSEY, 

and  D.T.  ZOLOCK,  The  effect  of  1,25-dlhydroxyvltamln  JV-3 
on  the  distribution  of  alkaline  phosphatase  activity  along 
tha  chick  lntastinal  walla.  Blcchen  Diophya  Acta  499:61 
H77 

78-003  RIREL,  D.J.,  J.M.  GREENBERG,  and  J.L.  COOK  Staphylococcus 
aureus  and  the  microbial  ecology  of  atopic  dermatitis. 

Can  J  Microbiol  23:1062,  1977 

78-004  ZUCK,  T.F.,  T.A,  BENSINGER,  C.C.  PECK,  R.K.  CHILLAR, 

E.  BEUTLER,  L.N.  BUTTON,  P.R,  McCURDY,  A.M.  JOSEPHSON,  and 
T.J«  GREKNWALT ,  The  in  vivo  survival  of  red  blood  cells 
stored  in  modified  CPD  with  adenine:  report  of  a  mulcl- 
lnstltutional  cooperative  effort.  Transfusion  17:374,  1977 

78-005  MOORES,  W.Y.,  0.  GAGO,  J.D.  MORRIS,  and  C.C.  PECK.  Sarum 
and  urinary  amylase  levels  following  pulsatile  and  con¬ 
tinuous  cardiopulmonary  bypass,  J  Thorac  Card leva*  Surg 
74:73,  1977 

78-006  PECK,  C.C,,  P.J.  BAILEY,  and  G.L,  MOOSE.  Enhanced  solubility 
of  2,8  dihydroxyadenlas  (BOA)  in  human  urine*  Transfusion 
17:383,  1977 


i J*t5 ><v  *'  WffvwvttS'K-iT’'  «'*.  *5  Jl l' — V '. 


Rf  S994'?f£*»*1.«Va'j->  !* 


I  VrV  A  -i'V  *  •  >%,  .If" 


Publications  Accessioned  -  Fiscel  Year  1978 

78-007  GUTHPRTZ,  L.S.,  J.T.  FRUIN,  R.L.  OKOLUK,  and  ,T.L.  FOWLER. 

Microbial  quality  of  frotan  cowninutsd  turkey  neat.  J  Food 
Set  4!!:  1344,  1977 

78-008  TAYLOR,  S.L, ,  and  E.R.  LIE8ER,  Specificity  and  sensitivity 
of  seven  histamine  detection  net bode.  J  Food  Sci  42:1584, 

1977 

73-009  FOSTER,  J.F.,  J.L.  FOWLER,  and  W.C.  LADIGES.  A  bacterio¬ 
logical  survey  of  raw  ground  beef.  J  Food  Protect  40:790, 

1977 

78-010  FRO IN,  J.T. ,  T-M.  HILL,  j.B.  CLARKE,  J.L.  FOWLEk,  and  L.S. 
CUTHRR.T7,  Accuracy  and  speed  in  counting  agar  plates. 

J  Food  Protect  40:596,  197? 

78-011  SPENCER,  T.S.,  J.A.  HILL.  W.A.  nKERS,  end  G.  OJORKLAND, 

Studies  of  tepellent  formulations  with  N,N-d lathy l-e- 
coluanide.  JC_n :  Proceedings  and  papers  of  the  Forty-fifth 
Annual  Conference  of  the  California  Mosquito  end  Vector 
Control  Associetion,  Inc.,  Palm  Springe,  CA. ,  February  12-16, 
1977 

78-012  MEDINA,  F.,  V.  CHF.ONC,  C.C.  PECK,  end  T.A.  BENSINGER. 

Improved  method  for  using  Eppendorf  pipettes  for  accurate 
delivery  of  blood.  Clin  Chen  23:1188,  1977 

78-013  WARD,  G.S.,  D.O,  JOHNSEH,  R.M.  KOVATCH,  and  T.  PEACE. 

Myopathy  in  guinea  pigs,  JAVMA  171:837,  1977 

78-014  BEATRICE,  E.S.,  D.l.  RANDOLPH,  D.  ZWICK,  B.E.  STUCK,  end 

Do J,  LUND.  Laser  hazards:  Biomedical  threshold  level  investi¬ 
gations.  Millt  Med  141:839,  1977 

78-115  BIREL,  D.J.,  and  R.J.  SHXUANIC.  Inhibition  of  dipthereid 
esterase  by  Micrococcus  lutaus.  Can  J  Microbiol  23:1319, 

1*77 

78-016  FRIEDMAN,  H.I.,  J.C.  CHANDLER,  and  T.J.  NEMETH.  Hepatic 
intramitochondrial  filaments  In  morbidly  obese  patients 
undergoing  intestinal  bypass.  Gastroenterology  73:1353, 

1977 

78-01?  MOORES,  W.Y.,  J.P.  HANNON,  J.  CRUM,  D.  VI ILFORD,  W.G.  R0DKET, 
and  J.V.  GEASLINC,  Coronary  flow  diatribution  and  dytuualcc 
during  continuous  and  pulsatile  extracorporeal  circulation 
in  the  pig,  Ann  Thorac  Surg  24:582,  1977 


<*• -  » 


Publications  Accessioned  -  Fiscal  Year  1978 


73-018  KLAIN,  G.J.,  and  J,P,  HANNON,  Differential  response  of  rat 

brown  and  white  adipose  tissue  to  environmental  or  nutritional 
stress.  Corap  Biochem  Physiol  338:227,  1977 

?8-fU9  STUCK,  B.K.,  D.M.  TALSMA,  and  E.S,  BEATRICE.  Vltreal  synsr- 

esls  in  Rhesus  monkeys.  Invest  Ophthalmol  Vis  Scl  16:1068, 

1977 

78-020  FOW1.ER,  J.L.,  U.S.  CLARK  JR.,  J.F.  FOSTER,  and  A.  HOPKINS. 

Analyst  variation  In  doing  the  standard  plate  count  as  ( 

described  in  "Standard  methods  for  the  examination  of  dairy 
products,"  J  Food  Protect  41:4,  1978 

78-07.1  *TKI,E,  D.P.,  R.N,  EMPSON,  R.L.  MORRISSEY,  D.T,  7.0L0CK,  R.U. 

HERMAN,  and  M.M.  PACHET.  Sequential  changes  in  the  rachitic 
chick  following  laOI!  D.  treatment.  (Abstract  No.  403)  lit: 

Abstracts  of  the  Annual  Meeting  of  the  Endocrine  Society, 

1976,  p  A2S8 

73-022  MORRISSEY,  R.L. ,  D.T.  7.01.0CK,  D.D.  BIKLE,  R.N.  EMPSON,  JR., 
and  T.J,  Bl'CCI.  Intestinal  response  to  la,25-dihydroxy- 
cholccalciferol.  I.  RNA  polymerase,  alkaline  phosphatase, 
calcium  and  phosphorus  uptake  in  vitro,  and  in  vivo  calcium 
transport  and  accumulation.  Biochim  Riophys  Acta  333:23, 

1978 

73-021  MORRISSEY,  R.L.,  R.N.  EMPSON,  JR.,  D.T.  Z0L0CK,  D.D.  BIKLE, 

and  T.J,  BUCCI,  Intestinal  response  to  la , 25-d i hydroxy- 
cholecalclferol.  II.  A  timed  study  of  the  intracellular 
localization  of  calcium  binding  protein.  Biochim  Blophys 
Acta  538:34,  1978 

78-024  SKINNER,  V.A.,  H.C.  TONG,  H.  JOHNSON,  R.M.  PARKHUR5T,  D. 

THOMAS,  T.  SPENCER,  W.A.  AKERS,  D.  SKIDMORE,  and  H.  MAIBACH. 

Influence  of  human  akin  surface  lipids  on  protection  time 
of  topical  mosquito  rspellent.  J  Pham  Sci  66:1764,  1977 

78-025  BIKLE,  D.D.,  and  II.  RASMUSSEN.  Ionic  control  of  1,25- 
dihydroxy  vitamin  D.  production  by  isolated  chick  renal 
mitochondria  influence  of  anions  and  sucrose.  Biochim 
Biophys  Acta  533:127,  1978 

78-026  MOORES,  V.Y.,  J.P.  HANNON,  J.D.  CRUM,  and  D.S.  WILLF0RD. 

Continuous  and  pulsatile  extracorporeal  coronary  perfusion 
la  the  besting  snd  fibrillatlng  swine  myocardium:  affects 
on  Isft  vsntriculsr  function.  Surg  Forum  28:262,  1977 


422 


Publications  Accessioned  -  Fiscal  Year  1978 

78*027  PECK,  C.C.,  and  L.Z.  BENET.  Central  act hod  for  determining 
macredlssoclntlon  censtants  of  polyprotlc,  amphoteric  cost- 
pounds  fron  solubility  measurements.  J  Pham  Sci  67:12, 

1978 

78-028  FR1 ROMAN,  H.l.,  F.  DEVENUTO,  T.J.  ZUCK,  P.  MELUCK,  and 

L.  LOLLINI.  Histologic  and  ultrastructur&l  effects  of 
stroma-free  hemoglobin  solutions  on  rat  liver,  kidney,  end 
brain.  Surg  Forum  23: 3,  1977 

73-029  MORRISSEY,  R.L.,  D.T.  Z0L0CK,  and  D.O.  BIKLE.  Influence 

of  dietary  calcium  and  phosphorus  on  the  synthesis  of  cal¬ 
cium  binding  protein  (CaBP)  in  response  to  62.5  pH  of  1,25 
dihvdroxv  vitamin  D.  (1,2S(0H,D.) (Abstract  No.  1037)  Fed 
Proc  37:408.  1978  ^ 

78-030  ASKEW,  E.W.,  S.S.  KlILINSKI,  J.R.  L0WDF.R,  and  W.R.  WISE  JR. 

Comparison  of  turnover  rates  of  four  adipose  tissue  depots 
as  influenced  by  exercise.  (Abstract  No.  1153)  Fed 
Proc  37  O)  *428,  1978 

78-031  GREEN,  M.1>«,  and  E.W.  ASKEW:,  Brain  ketone  metabolizing 

enzvmes  in  exercise  trained  rats.  (Abstract  No.  1250) 

Fed' Proc  37  (3) *423,  1978 

TILLOTSCN,  J.A.,  M.E.  SHEA,  and  A,A.  S0WF.RA.  Ascorbate 
metabolism  in  trained  primates.  (Abstract  No.  1255) 

Fed  Proc  37  (3): 448,  1978 

TURNBULL,  J.O.,  W.A.  AMOS,  M.D.  GREEN,  D.B.  MILNE,  H.E. 
SACBF.RLir.fi,  J.A.  TILL0TS0N,  and  S.T.  0MAYE.  Ascorbic  acid 
(AA)  depletion  and  repletion  in  the  cynosK>lgus  monkey. 
(Abstract  No.  1256)  Fed  Proc  37  (3):44S,  1978 

MeGOWN,  E.L. ,  C.M.  LEWIS,  M.K.  DONG,  end  H.E.  SAUBERLICH. 
Comparison  of  commercial  radloasaay  kits  with  microbio¬ 
logical  assay  of  serum  end  red  cell  folate. 

(Abstract  No.  1484)  Fed  Proc  37  (3):494,  1978 

KLAIN,  G.J,  Growth  hormone  and  in  vivo  leucine  metabolism 
in  the  rat.  (Abstract  No.  1708)  Fed  Froc  37  (3):420,  1978 

78-036  BASNOR,  M.fl.,  and  J.A.  TILLOTSON.  Isolation  of  s  riboflavin- 
binding  apoprotein  from  chicken  egg  whits  end  its  use  in  a 
radloasaay  for  urinary  riboflavin.  (Abstract  No,  2414) 

Fad  Proc  37  (3):672,  1978 

78*037  AMOS,  W.A,,  and  H.E.  SAUBERLICft,  Sense  ferritin  and  its 
relationship  to  other  parameters  of  iron  status. 

(Abstract  No,  3572)  Fad  Free  37  <l}i§92,  1978 


78-012 


78-031 


78-034 


78*035 


425 


Publications  Accessioned  -  Fiscal  Year  1978 

78-038  MILNE ,  D.B.,  D.D.  SCHNAKENBERG,  and  H.L.  JOHNSON.  Dietary 

Intakes  of  copper,  zinc,  and  nanganese  by  military  personnel. 
(Abstract  No.  3S85)  Fed  Proc  37  (3):894,  1978 

78-039  BIKI.E,  D.D.,  D.T.  Z0L0CK,  R.L.  MORRISSEY,  and  R.lt.  HERMAN. 

Independence  of  1,25-dlhydroxy-vltaaln  D. -media ted  cal¬ 
cium  transport  from  de  novo  RNA  and  protein  synthesis. 

J  Biol  Chen  253:484,  1978 

78-040  NEVILLE,  J.R.,  and  T.  CLEMMER.  Hemoglobin-oxygen  affinity 
in  organic  heart  disease.  In:  Oxygen  transport  to  Tissue  - 
III,  edited  by  I. A.  Silver,  M.  Erecifiska  and  H.I.  Richer. 
Plenum  Pub,  Corp.,  19/8 

78-041  GUTHERTZ,  L.S.,  and  R.L.  OKOLUK.  Comparison  of  miniatur¬ 

ized  multitest  systems  with  conventional  methodology  for 
identification  of  enterobacterlaceae  from  foods.  Appl 
Environ  Microbiol  35:109,  1978 

78-042  DEVENUTO,  F.,  W.Y.  MOORES,  A.I,  ZEGNA,  and  T.F.  ZUCK. 

Total  and  partial  blood  exchange  in  the  rat  with  hemoglobin 
prepared  by  crystallization.  Transfusion  17:555,  1977 

78-041  TAYLOR,  S.L.,  E.R.  LIEBER,  and  M.  LEATHERWOOD.  A  simpli¬ 
fied  method  for  histamine  analysts  of  foods.  J  Food 
Sci  43:247,  1978 

78-044  FRiriN,  J.T.,  J.F.  FOSTER,  and  L.S.  GUTHERTZ.  Comparison 
of  recovery  methods  for  Clostridium  perfringens  from  sel¬ 
ected  foods,  J  Food  Quality  1:135,  1977 

78-045  RUTLEDGE,  L.C.  Incubation  and  prepatent  periods  of  Plas¬ 
modium  vlvax,  Trans  R  Soc  Trop  Med  Kyg  71:451,  1977 

78-046  BENSINCER,  T.A.,  T.F,  ZUCJC,  B.  TOLBERT,  S.  KcLAUGHLIN, 

K.  AGUIRRE,  C.C.  PECK,  and  M.  KNICHT.  An  enzymatic  method 
for  measurement  of  ascorbate-2-phoephete.  Bloc hem  Med 
19:118,  1978 

78-047  RUTLEDGE,  L.C.,  M.A,  MOUSSA,  C.A.  LOVE,  and  R.K.  SOFIELD. 

Comparative  sensitivity  of  mosquito  species  and  strains 
to  the  repellent  diethyl  toluamlde.  J  Med  Entosiol 
14:536,  1978 

78-048  HUTTON,  R.D.,  and  S.  KERBS,  Experimental  Trichophyton 
mcntagrophytes  infection  in  hairless  and  haired  dogs. 

Lab  Ania  Sci  28:217,  1978 

78-049  ALLEN,  A.M.,  and  R.D.  KING.  Occlusion,  carbon  dioxide,  and 
fungal  skin  infections,  Lsncst  8060:360,  1978 


424 


Publications  Accessioned  -  Fiscal  Year  1978 

78-050  RODKEY,  W.C.,  J.P.  HANNON,  J.G.  DRAMISE,  R.D.  WHITE,  D.C. 
WELSH,  and  B.N.  PRRSKY,  Arterialised  capillary  blood 
used  to  determine  the  acid-base  and  blood  gae  statue  of 
dogs.  A m  J  Vet  Res  38?459,  1978 

78-051  SAUBERLICH,  H.E.,  and  L.B.  APPLEWHITE.  Military  Nutrition; 

it  helps  all.  Profeaaional  Nutritionist  Spring:8,  1978 

78-052  CUTHF.RTZ,  L.S.,  S.L.  TAYLOR,  M.  LEATHERWOOD,  and  K.R.  LIEBER. 

Bacterial  histamine  production  and  an  Incident  of  scombroid 
fish  poisoning.  (Abatract  No.  P15)  In:  Abstracts  of  the 
Annual  Keating  of  the  American  Society  for  Microbiology 
1978,  (Us  Vegas,  NV,  14-19  May  78)  p  1899 

78-053  FRUIN,  J.T.,  L.S.  GUTHERTZ,  F.J.  TILLMAN,  J.F.  FOSTER, 
and  H.E.  SAURERLICH.  The  bacterial  content  of  aerosols 
associated  with  a  conventional  blender.  (Abstract  No.  P9) 

In?  Abstracts  of  the  Annual  Meeting  of  the  American  Society 
for  Microbiology  1978,  (Us  Vegas,  NV,  14-19  May  78)  p  188 

78-054  FOSTER,  J.F.,  J.T.  FRUIN,  and  L.S.  GUTHERTZ.  Bacterial 
survey  of  ground  beef,  textured  soy  protein  and  textured 
soy  protein  extended  ground  beef.  (Abstract  No.  P9) 

In?  Abstracts  of  the  Annual  Meeting  of  the  American  Society 
for  Microbiology  1978,  (Us  Vegas,  NV,  14-19  May  78)  p  188 

78-055  TAUNTON,  O.D.,  H.L.  GREENE,  F.B.  STIFEL,  F.D.  HOFELDT, 

E.G.  LUFKIN,  L.  HAGLER,  Y.  HERMAN,  and  R.ll.  HERMAN. 
Fructose-1,  6-dlphosphatase  deficiency,  hypoglycemia  and 
response  to  folate  therapy  in  a  mother  and  her  daughter. 
Rlochen  Med  19? 260,  1978 

78-056  FRIEDMAN,  H.I.,  J.G.  CHANDLER,  C.C.  PECK,  T.J.  NEMETH,  and 
S.K,  ODUM,  Alterations  in  intestinal  structure  fat  absorp¬ 
tion  and  body  weight  after  intcetlnal  bypass  for  morbid 
obesity,  Surg,  Gynecol  Obstet  146:757,  1978 

78-057  SHR0YER,  E.L.,  and  S.M*  REFAAT.  Isolation  of  feline 

syncytia-forming  virus  from  oropharyngeel  swab  samples  and 
buffy  coat  cells.  Am  J  Vet  Res  39:555,  1978 

78-058  KELLEY,  S.T.,  T.J.  BUCCI,  and  S.  SILVERMAN.  Skeletal  mat¬ 
uration  in  owl  monkeys  (Aotus  Sp).  (Abstract  No.  771) 

Fed  Proc  37  (3): 356,  1978 

78-059  SCTfNAKENBERG,  D.D.,  T.M.  HILL,  and  T.M.  MORRIS.  Nutrient 
ratios  of  meals  and  snacks  consumed  by  male  military  per¬ 
sonnel,  (Abstract  No,  794)  Fed  Proc  37  (3):361,  1978 


VVjfV”  4.". 


Publications  Accessioned  -  Fiscal  Year  197 8 

78-060  CALDWELL,  H.D.  Effect  of  altered  calorie/nitrogen  ratio 

on  urea  production.  (Abstract  No.  988)  Fed  Proc  37  (3):400, 
1978 

78-061  BIKLE,  D.D.,  E.W.  ASKEW,  D.T.  ZOLOOK,  R.L.  MORRISSEY,  and 

R.H.  HERMAN.  Calcium  accumulation  by  intestinal  mitochon¬ 
dria  from  rachitic  and  l,23(OU)  D  treated  chicks. 

(Abstract  No.  176)  Fed  Proc  37  T6):1300,  1978 

78-062  ZOLOCK,  D.T.,  K.L.  MORRISSEY,  and  D.D.  BIKLE.  1,25-dihydro- 

xycholecalclferol  (l,25(OH,D~)-mediated  bone  mineral  uptake 
and  its  blockage  by  cyclohexlnide  (CYCLO)  (Abstract  No.  268) 
Fed  Proc  37  (6):131b,  1978 

78-063  KERBS,  S.,  R.D.  HUTTON,  and  J.U.  HOLLISTER.  Visual  micro- 
method  for  assay  of  fungal  growth.  Car.  J  Microbiol  24:574, 
1978 

78-064  TAYLOR,  S.L.,  M.  LEATHEKWOOD,  and  2.R.  LIUBER.  Histamine 

in  sauerkraut.  Reseat ch  Note.  J  Food  Sci  43:1032,  1978 

78-065  ALLEN,  A.M.  Clinical  trial  design  in  dermatology:  Experi¬ 

mental  design.  Part  1.  Int  J  Dermatol  17:42,  1978. 

78-066  FRUIN,  J.T.  Microbiological  criteria  of  food.  J  Food 

Prot  41:481,  1978 

78-067  BIKLE,  D.D.,  and  H.  RASMUSSEN.  A  biochemical  model  for  the 

ionic  control  of  25-hydroxyvitamln  D.  1-hydroxylase.  J 
Biol  Cheat  253:3042,  1978 

78-068  MELLICK,  P.W.,  M.G.  MUSTAFA,  W.S.  TYLER,  and  D.L.  DUNGWORK. 

Morphologic  anu  biochemical  cltanges  in  primate  lung  due  to 
low-level  oxone  exposure,  Proc  XXIII  Internatl  Tuberculosis 
Conf,,  Mexico,  23-26  Sep  75.  Bull  Int  Union  Tubcrc  51:565, 
1976 

78-069  ALLEN,  A.M.  Lpidsmiologic  methods  in  dermatology.  Part  I: 

Describing  the  occurrence  of  disease  in  human  populations. 

Int  J  Dermatol  17:186,  1978 

78-070  ALLEN,  A.M.  Clinical  trials  in  dermatology.  Part  2: 

Numbers  of  patients  required.  Int  J  Dermatol  17:194,  1978 

78-071  B1BEL,  D.J.,  D.J.  LOVELL,  and  R.J.  SMIUANIC.  Survival 
of  bacillus  llcheniformia  on  human  skin.  Appl  Environ 
Microbiol  35:1128,  1978 


Publications  Accessioned  -  Fiscal  Year  1978 

73-072  BIBEL,  D.J.,  R.J.  SMILJAHIC,  and  D.J.  LOVELL.  Interactions 
of  bacillus  lichenifornis  ATCC  10716  and  noraal  flora  of 
human  skin.  Appl  Environ  Microbiol  35:1136,  1978 

78-073  HUTTON,  R.D.,  S.  KERBS,  and  K.  YEL.  Scanning  electron  micros¬ 
copy  of  experimental  Trichophyton  mentagrophytes  infections 
in  guinea  pig  skin.  Infect  Immunol  21:247,  1978 

78-074  LIE8EK,  E.R.,  and  S.L.  TAYLOR.  Thin-layer  chromatographic 

screening  methods  for  histamine  in  tuna  fish.  J  Chroaatogr 
153:143,  1978 

78-075  APPLEWHITE,  L.  Manuscript  preparation  for  articles  in 

scientific/mcdical  journals.  J  Am  Optom  Assoc  49:551,  1978 

78-076  ASKEW,  E.W.,  A.L.  HECKER,  V.0.  COPPES,  and  F.B.  STIFEL. 

Cyclic  AMP  metabolism  in  adipose  tissue  of  exercise-trained 
rats.  J  Lipid  Res  19:729,  1978 

78-077  FOSTER,  J.F.,  R.C.  HUNOERFUHD,  J.L.  FOWLER,  J.T.  FRUIN,  and 
L.S.  CUThERTZ.  Bacterial  populations  of  ground  beef,  tex¬ 
tured  soy  protein  and  ground  beef  extended  with  soy  protein 
after  3  and  10  days  of  refrigerated  storage.  J  Food 
Prot  41:647,  1978 

78-078  HANNON,  J.P.  Comparative  altitude  adaptability  of  young 

men  and  women.  In:  Environmental  Stress,  Individual  Human 
Adaptations,  edited  by  L.J.  Follnubce,  J.A.  Wagner,  J.F. 
Borgia,  B.L.  Drinkvater,  J.A.  Gliner  and  J.F.  Bedi.  New 
York:  Academic  Press,  1978,  pp  335-J50 

78-079  GREEN,  M.  Histamine  in  tne  central  nervous  system.  Proc 

West  Pharmacol  Soc  21:337,  1978 

70-080  GREEN,  M.,  J.  TURNBULL,  H.  SAUiiEKLiCH,  and  S.  0HAYE. 

Ascorbic  acid  and  drug  metabolism  in  cyncmologus  monkeys. 

Proc  West  Pharmacol  Soc  21:341,  1978 

78-081  FRUIN,  J.T.,  and  S.L.  TAYLOR.  Acute  food borne  hletomine 

toxicity.  In:  Memorandum  for:  Each  Artsy  Veterinary  Corps 
Officer,  Letter  of  July  1978,  Subject:  Army  Veterinary 
Corps  Information  (4-78),  Consultant's  Column,  3  pp. 

78-082  FRUIN,  J.T,  Salmonella  update.  In:  Memorandum  for:  Each 
Army  Veterinary  Corpa  Officer,  Letter  of  May  1978, 

Subject:  Army  Veterinary  Corps  Information  (3-78)  Consult- 
ant's  Column.  2  pp. 


427 


Publications  Accessioned  -  Fiscal  Year  1978 

78-083  TOLBERT,  B.H.,  D.O.  J0UNSEN,  B.S.  JOYCE,  and  E.M.  BAK. 

Nutritional  significance  and  metabolism  of  ascorbate  sul¬ 
fate,  Proc  of  10th  Int  Cong  of  Nutr,  (Kyoto,  Japan, 

3-6  Aug  73)  edited  6  Publ  by  Proc  Subcon  of  XICN,  Chairman: 
Hideo  Koislii,  pp  102-104 

78-084  CONSOLAZIO,  C.F.  Nutrition  and  physical  fitness  in  nan. 

In:  Proc  of  10tl»  Int  Cong  Nutr  (Kyoto,  Japan,  3-9  Aug  75), 
edited  S>  Publ  by  Proc  Subcon  of  XICN.  Chairman:  Hideo 
Kolshi.  pp  174-176 

78-085  C0NS0I.AZZ0,  C.F.  Physical  performance  and  some  biochemical 

changes  related  to  nitrition.  Jin:  Proc  10th  Int  Cong  Nutr, 
(Kyoto,  Japan,  3-9  Aug  75)  edited  &  publ  by  Proc  Subcon  of 
XICN,  Chairman:  Hideo  Kolshi.  pp  183-185 

78-086  SAPBKRLICH,  H.E.,  J.E.  CAN1IAM,  R.E.  HODGES ,  L.  MEJIA,  C. 

LYKKF,  and  D.L.  WALLACE.  Iron  deficiency  anemia  and  hypo- 
vitaminoeis  A.  (Abstract)  JUt:  Proc  of  10th  Int  Cong  Nutr, 
(Kyoto,  Japan,  3-9  Aug  75),  edited  &  Publ  by  Proc  Subcom 
of  XICN,  Chairman:  Hideo  Kolshi.  p  596 

78-087  CALDWELL,  M.D.,  G.F..  NICH0ALDS,  and  II. L.  CRrENE.  Vitamin 

requirements  in  patients  receiving  total  parenteral  nutri¬ 
tion  (TPN) .  (Abstract)  Jto:  Proc  10th  Int  Cong  Nutr, 

(Kyoto,  Japan,  3-9  Aug  75).  Sd  &  Publ:  Proc  Subcon  of  XICN. 
Chairmans  Hideo  Koishi.  p  642 

78-088  CALDWELL,  M.D.,  J.A.  O'NEILL,  H.C.  MENG,  A.  OTTEN,  and 

M.T,  STAHL'tAN .  Use  of  a  10Z  L-amino  acid  solution  with 
glucose  in  pediatric  paronternal  nutrition.  (Abstract) 

In:  Proc  10th  Int  Ceng  Nutr  (Kyoto,  Japan,  3-9  Aug  75), 

Ed  4  Publ:  Proc  Subcem  of  XICN.  Chairman:  Hideo  Kolshi, 
p  652 

78-089  WXLLFORJ),  D.C.,  P.R.  RAPJIES,  W.Y.  MOORES,  T.A.  BENSINGER, 
and  R,  NEVILLE.  The  porcine  oxyhemoglobin  dissociation 
curve,  (Abstract)  Jin:  Proc  58th  Annual  Meeting  (Pacific 
Division),  American  Association  for  the  Advancement  of 
Science,  San  Pranclsco,  CA  1978 

78-090  NEVILLE,  J.R,,  and  T.  CLEMHER.  Hemoglobin  oxygen  affinity 

in  organic  heart  dleease.  (ostract)  Cn:  Proc  3rd  Symposium 
of  the  Int  Soc  of  Oxygen  Transport  to  Tissue,  Cambridge, 
England,  1977 

78-091  WEISKOPF,  R.B, ,  V.T.  MOORES,  K.K.  RI0RDAN,  N.I.  TOWNSLEY, 
D.C,  WILLFORD,  V.P.  DEMBITSKY,  K.  CHADWICK,  and  J.  CRUM. 
Depression  of  swine  left  ventricular  function  by  halo- 
thane,  (Abstract)  Clin  Res  26t9HA,  1978 


428 


Publications  Accessioned  -  Fiscal  Year  1978 

78-092  RIORUM!,  K.K, ,  M.l,  TOWNSLEY,  K.R.  CHADWICK,  and  R.B. 

WEISKOPF,  Measurements  hydrogen  ion  binding  of  canine 
hemoglobin,  (Abstract)  Clin  Res  26:453A,  1978 

78-00!  RIORDAN,  K.K.,  M.l.  TOWNSLEY,  K.R.  CHADWICK,  H.A.  BRINKS, 

and  R.P..  WEISUOPF.  Acid-base  nomogran  for  pig  blood. 
(Abstract)  The  Physiologist  29:99,  1978 

78-094  WEISKOPF,  R.B.,  M.l.  TOWNSLEY,  K.K.  RIORDAN,  K.R.  CHADWICK, 

and  H.A,  BRINKS.  Cardiovascular  responses  to  moderate 
hemorrhage  during  halothane  and  ketamine  anesthesia. 

(Abstract)  Abstracts  of  Scientific  Papers,  American  Society 
of  Anesthesiologists,  1978 

78-095  TOWNSLEY,  M.I.,  H.A.  BRINKS,  and  R.B.  WEISKOPF.  Measure¬ 

ments  of  enflurane  and  lsoflurane  by  mass  spectrometry. 
(Abstract)  Abstracts  of  Scientific  Papers,  American  Society 
of  Anesthesiologists,  1978 

78-09*  WEISKOPF,  R.B.,  W.Y.  MOORES,  K.K.  RIORDAN,  M.l.  TOWNSLEY, 

J.D.  CP.CM,  D.C.  WILLFORD,  and  V.  DEMBITSKY.  Left  ventricu¬ 
lar  dynanics:  A  comparison  of  morphine  and  halothane  during 
nornoxia.  (Abstract)  Abstracts  of  Scientific  Papers, 

American  Society  of  Anesthesiologists,  1978 

78-097  MOORES,  W.Y.,  D.C.  WILLFORD,  J.D.  CRUM,  J.R.  NEVILLE,  R.B. 

VEISKOPF,  and  V.P.  DEMBITSKY,  Alteration  of  myocardial 
function  resulting  from  changes  in  hemoglobin  oxygen  affin¬ 
ity.  (Abstract)  Circulation  58:11-225,  1978 

78-098  GLANT7,  S.A.,  C.A,  MISBACH,  W.Y.  MOORES,  D.  HOTKEY,  J. 

LEKVEN,  D,  STOWE,  W.W.  PAR. (LEY,  and  J.V.  TYBERG.  The  peri¬ 
cardium  substantially  affects  the  dog  ventricular  diastolic 
pressure-volune  relationship.  Circ  Res  42:433,  1977 

78-099  WESTIN,  G,W,,  and  H.E.  CABAUD.  Tendon  transfers  in  paralytic 
hips,  Orthop  Trans  2:40,  1978 

78-100  LIEBER,  F..,  and  S,  TAYLOR.  Inhibition  of  intestinal 

histamine-metabolizing  enzymes  by  amines  known  to  occur  in 
scombroid  fish.  (Abstract)  Fifth  Int  Cong  Food  Scl  and 
Technol,  Kyoto,  Japan,  17-22  September  1978 

78-101  TAYLOR,  S.L.,  L.S.  GUTHERTZ,  M.  LEATHERWOOD,  and  E.R.  LIEBER. 

Histamine  levels  in  fermented  foods  and  identification  of 
histamine-producing  bacteria.  (Abstract)  Thirty-eighth 
Annual  Meeting  of  the  Institute  of  Food  Technologists,  Dallas, 
TX,  4-7  June  1978 


429 


Publications  Accessioned  -  Fiscal  Year  1978 

78-102  LFRKE,  P.A.,  S.B.  WERNER,  S.L.  TAYLOR,  and  L.S.  GUTHERTZ. 

Scombroid  poisoninR.  Report  of  an  outbreak.  West  J  Med 
129:381,  1978 

78-10J  Honors,  R.E.,  H.E.  SAUBERLICH,  J.E.  CANHAM,  D.L.  WALLACE, 

R.R.  RUCKER,  L.A.  MEJIA,  and  M.  MOHAMRAM.  Hematopoietic 
studies  in  vitanin  A  deficiency.  An  J  Clin  Nutr  31:876, 

1978 

78-104  SAUBERLICH,  H.E.  Biochemical  parameters  (Infants,  children, 

women).  In:  Proceed inRS  "Nutrition  Assessment  of  Children 
and  Youth  Workshop,"  Lansing,  MI,  2-4  May  1977.  pp  33-66. 

78-103  SAUBERLICH,  H.E.,  and  M.L.  BROWN  (editors).  Hunan  Vitanin 

B  Requirements,  Publ  by  National  Academy  of  Sciences, 
Washington,  D.C.  1978.  (ProceedinRS  of  a  workshop  at  LAIR, 
Comittee  on  Dietary  Allowances,  Food  and  Nutrition  Board, 
National  Research  Council,  11-12  June  1976) 

78-106  SAUBERLICH,  H.E.  Vitanin  indices.  Chapter  6.  In:  Laboratory 

Indices  of  Nutritional  Status  in  Pregnancy,  authored  by 
National  Research  Council.  National  Academv  of  Sciences, 

1978,  pp  109-156 

78-107  CALLOWAY,  D.H.,  and  M.J.  KRETSCH.  Protein  and  energy  utili¬ 

zation  in  non  Riven  a  rural  Guatemalan  diet  and  egg  formulas 
with  and  without  added  oat  bran.  An  J  Clin  Nutr  31:1118, 

1978 

78-108  TURNIER,  J,C.,  and  S.  SILVERMAN.  A  caae  study  of  canine 

panosteltls:  Comparison  of  radiographic  and  radioisotopic 
studies.  An  J  Vet  Res  39:1550,  1978 

78-109  BUCK,  T.F, ,  F,  DEVEMUTO,  J.R.  NEVILLE,  and  II. I.  FRIEDMAN. 

Oncotic  and  oxynen  transport  effect  of  hemoglobin  solutions. 
In:  Blood  Substitutes  and  Plasma  Expanders,  edited  by  G.A. 
Jastiesor,  and  T.J.  Greenwalt,  New  York:  Alan  R.  Lias,  1978 
PP  111-147 

78-110  MOORE,  0,1.,,  H.E.  LEDFORD,  and  D.E.  BROOKS.  The  distribution 
and  utilization  of  adenine  in  red  blood  cells  during  42  days 
of  4  C  storage,  Transfuelon  18:538,  19?8 

78-lil  LEDFORD,  M.E, ,  G.L.  M00BE,  and  ?.A.  BENSINGER.  Comparison 

of  two  2,3-dlphosphoglycerat*  assays.  Clin  Chen  24:517,  1978 

78-112  PECK,  C,C,,  F,W.  ALBRO,  J.R.  HASS,  D.G.  ODOM,  S.B.  BARRETT, 

and  F,J.  BAIIEY,  Metabolism  and  excretion  of  the  plescicixer 
di-2-ethylh«xyl-phthalate  in  man.  Clin  Ree  26:101A,  1970 


450 


Publications  Access ionnd  -  Fi*jcal  Year  1978 

78-113  Pr.CK,  C.C, ,  and  T.F.  ZUCK.  International  forum:  Which  is  the 
tcxicolop.ic  importance  of  the  liberation  of  phthalates  from 
plastic  containers  into  blood,  its  components  and  derivatives! 
Vox  Sanp,  34:244,  1978 

78-114  PKCK,  C.C.  Quantitative  aspocte  of  therapeutic  decision- 

making.  Chapter  23.  In:  Clinical  Pharmacolop.y —Basic 
Principles  in  Therapeutics,  edited  by  K.L.  Melmon  and  H.P. 
Horrelli,  New  York,  N.Y.:  MacMillan  Company,  1978 


451 


APPENDIX  B 


DIRECTORY  OF  OFFICERS  AND  SENIOR  PKOFLSSIONAL  STAFF 


Officii  of  the  Comma nuer 

Commander  and  director  John  E.  C.ar.ham,  COL,  MC 

M.D.  (Col.  of  PAS,  Columbia 
Univ , ) 

Executive  Officer  Meyer  W,  Cohen,  LTC,  liS 

M.lt.A.  (Baylor  Univ.) 

Technical  Publications  Editor  Lottie  B.  Applewhite,  CS11 

M.So  (Univ.  of  Illinois) 

Program  and  Accounting  office 

Chief  David  Williams,  MAJ,  MS 

M.D. A.  (Syracuse  Univ.) 

Department  of  Administration 
Adjucant/C,  Administration 

Division  and  J.  ulyae  Aller,.  CPT,  MS 

Detachment  Commander  B.C.S,  (Univ.  of  Nebraska) 

Library  Division 

Mediccl  Research  Liorarian  Cracc  M.  Plummer,  GS11 

H.L.S.  (Univ.  of  Texas) 

Medical  Aud)t>/ Visual  Aid  Division 

Chief  Richard  A.  Wheeler,  CS12 

(Univ.  of  Louisville) 

Marjorie  A.  Kadner,  G509 
M.A.  (San  Francisco  State) 


Department  ot  Nutrition 

Chief  Unverdc  E.  Saubct  licit,  PL  313 

Pn.D.  (Univ.  of  Wisconsin) 

Ciochonistry  Division 

Ac  tins  Cttief  Jam*  L\  Skala,  £814 

Pn.D.  (Univ.  of  Minucaota) 


William  Auoa,  MAJ  (P),  MS 
Pli.D,  (Vanderbilt  Univ.) 


Eldon  W.  Askew,  CPT,  MS 
Ph.D.  (Michigan  State  Univ.) 


432 


Directory  of  Of  fleets  and  Senior  Professional  Staff  (Con't) 


Laerson  L.  Shroyer,  LTC,  VC 
D.V.M.  (Ohio  State  Univ.) 

M.S.  (Univ.  of  Wisconsin) 

Paul  C.  Rosa,  CPT,  VC 
u.V.il.  (Univ.  of  Missouri) 

Joint  C.  Turnicr,  Jr.,  CPT,  VC 
V .11.1).  (Univ  of  Tenn.) 

Peter  Vauderloo,  CPT,  VC 
u.V.K.  (Iowa  State  Univ.) 

Joan  K.  Matlack,  CPT,  VC 
D.V.it.  (Ohio  State  Univ.) 


Department  of  Logistics 
Chief 


Supply  Division 
Chief 


Health  Materiel  Officer 


Activity  Support  Division 
Chief 


henry  It.  Drown,  HAJ,  MS 
tl.  Uu,  (Trinity  Univ.) 


Robert  U.  Neuteboom,  CPT,  H3C 
U.S.  (brighaa  Young  Univ.) 

Calvin  J.  Olson,  CPT,  MS 
U.S.  (Utah  State  Uuiv.) 


Ijtwrence  D.  Bonier,  CSllf 
U.S.  (Rose  Polytechnic  Inst.) 


433 


v  «*V*#*# M&m 


Directory  of  Officers  and  Senior  Professional  Staff  (Cou’r) 

E.  Mary  Moore,  0S11 
U . A .  (Nazareth  Collet;*) 


Division  of  Surgical  Metabolism 
Chief 


Operative  Services  Division 
Chief 


Departuent  of  Couparative  Medicine 
Chief 


Animal  Resources  Division 
Chief 


Pathology  &  Comparative  Study 
Division 
Chief 


Michael  D.  Caldwell,  MAJ,  MC 

M.D.  (Medical  Uuiv.  of  So.  Carolina) 

Rhonda  Scott,  1LT,  MS 
Ph.D.  (Cornell  Univ.) 


Willie  G.  Kodkey,  CPT,  VC 
D.V.M.  (Purdue  Unlv.) 

Donald  C.  Griffin,  CPI,  VC 
D.V.M.  (Michigan  State  Unlv.) 


Thoms  J.  Bucci,  LIC  (P),  VC 
V.M.D.  (Unlv.  of  Penn.) 

Ph.D.  (Unlv.  of  Colorado) 

John  P.  Hannon,  0S1> 

Ph.D.  (Univ.  of  Calif-,,  Berkeley) 


Jaucc  M.  Morris,  LTC,  VC 
D.V.M.  (Colorado  State  Unlv.) 
M.S.  (Colorado  State  Univ.) 

Jerome  A.  Goldsboro,  MAJ  (P),  VC 
D.V.M.  (Tuskegec  Institute) 

Stephen  T.  Kelley,  OPT,  VC 
D.V.M.  (Kansas  State  Univ.) 

M.S.  (Kansas  Stata  Univ.) 

John  H.  Suidath,  CPT,  VC 
D.V.M.  (Colorado  State  Unlv.) 


Paul  W.  HeU.sk,  MAJ  (P),  VC 
D.V.M.  (Ohio  State  Univ.) 
Ph.it.  (Univ.  of  Calif,  Davis) 


m 


Lance  0.  LolHol,  MAJ,  VC 
D.V.M.  (Ohio  State  Univ.) 


Directory  of  Officers  and  Senior  Professional  Staff  (CooJc) 

Turney  C,  Steward,  GS11 
S, A.  (San  Francisco  State) 

John  T.  Hixson,  CS09 
U.S.  (Purdue  Unlv.) 

Francis  C.  Trout,  Jr.„  GSOS 
(S.F,  City  Collega) 

Department  of  Surgery 

Chief  Silaon  L.  Biggs,  LTC,  tIC 

M.D.  (Stanford) 

Asst.  Chief  Wiliian  Y.  H cores,  LTC,  I1C 

M.D.  (Yale  Univ.) 

Division  of  Combat  experimental 
Surgery 

Chief  Richard  S.  Weiskopf,  LTC,  HC 

H.Dr  (Albert  Liuatain  Coll*  o£  Hade) 

Harold  1.  Friedman,  I1A.J,  HC 
H.D.  (Unlv.  of  Virginia) 

Fh.D.  (Univ.  of  Virginia) 

U.  Ldvard  Cabaud.  *1AJ,  HC 
H.D.  (Univ.  of  So.  Calif.) 

Larry  C.  Watson,  MAJ,  HC 
•I.L.  (Univ.  of  Taxas) 

Jones  R.  Heville,  CS14 
Fh.D.  (Stanford  Univ.) 

Blood  Rescorch  Division 

Chief  Carl  C.  Pack,  LTC,  ttC 

H.D.  (Univ.  of  Kaunas) 

William  M.  Euchhol*,  !4AJ,  HC 
H.D.  (Stanford  Univ.) 

Frank  DeVvauto,  CS14 
FhcD.  (Univ.  of  Kom) 

Gerald  L.  Hoore,  JS13 
Fh.D.  (Unlv.  of  Cincinnati) 


Barbara  Cheney,  GS11 
H.S.  (Mt.  Hoy oka  CoilegO 


Directory  of  Officer*  and  Senior  Professional  Staff  (Con*c) 

Robert  Hutton,  LTC,  MC  (USA!') 

(Washington  Univ,  Men,  School) 

Uillian  Keith,  Jr.,  OPT,  IIS 
Ph.D.  (Univ.  of  Kansas) 

Michael  V.  Lancaster,  CPT,  MS 
Ph.D.  (Univ.  of  Hiaeouri) 

Sharon  B.  Kerbs,  CS12 
Ph.D.  (Univ.  of  Wisconsin) 

June  R.  Jaeger,  GS11 

M.S.  (Univ.  of  Calif,  Berkeley) 

D.  Jan  Bibcl,  US 09 

Ph.D.  (Univ.  of  Calif,  Berkeley) 

Departncnt  of  Information  Sciences 

Chief  John  L.  Szurek,  CPT,  MS 

M.S.  (Case  Western  Reserve  Univ.) 

3ioraetrics  Division 

Chief  ituyoomi  hh  Sercnbetz,  1LT,  JtS 

U.S.  (S.U.C.L.,  Pocauan,  MY) 

L.  Alan  Hopkins,  US11 

M. S,  (U.C.L.A. ) 

Systeus  Technology  Division 

Chief  Dale  A.  Harris,  CS12 

Ph.D.  (Univ,  of  Calif,  Berkeley) 

Wiiliaa  H.  Diiley,  USU 

(K1  Caaino  College,  LI  Ceuino,  CA) 

Jutta  Hadden,  US09 

A.  A.  (Riverside  City  College) 

Systeus  Application  Division 

Chl«f  Kicitard  A.  Nelson,  US12 

U.A.  (Univ,  of  Calif,  Davie) 

William  H.  Langley,  Jr,,  USU 

B. S.  (Regis  College) 
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Military  Performance  Divio Ion 

Peter  A.  O' Mara,  HI,  HAJ,  MS 
Ph.D.  (Uaiv.  of  Oklahoma) 

David  A.  Stamper,  G3U9 
II. A,  (Univ.  of  Colorado) 

Victor  J.  Pribyl,  0509 
U.S,  (Univ.  of  Wisconsin) 

Div.  of  Mon- Ionizing  Radiation 

David  1.  Randolph,  G313 
Ph.D.  (Univ.  of  Mass.) 

Harry  Evlck,  CS13 
Ph.D.  (Univ.  of  Delavare) 

Bruce  E.  Stuck,  CS12 

It.S.  (Virginia  Polytechnic  Inst.) 

David  J.  Lund,  CS12 

S.S.  (Western  Illinois  Univ.) 

Kenneth  S.  Bloom,  0311 
B.A.  (Penn.  State  Univ.) 


Department  of  Deraatology  Research 
Chief 


Cutaneous  Protection  Division 
Chief 


Cutaneous  Infection  Division 
Chief 


Uilllaa  A.  Akers,  COL,  MC 
M.D.  (Univ.  of  Louisville) 


Stephen  D.  Prystoweky,  HAJ,  KC 
M.D.  (Johns  Hopkins  Univ.) 

David  A.  Grekir.,  HAJ,  MC 
M.D.  (Univ.  of  Michigan) 

Uilllaa  G.  Iteifenrath,  CPT,  MS 
Ph.D.  (Univ.  of  Nebraska) 

Peter  Sctwtid,  GS13 

Ph.D.  (Uiiv.  of  Calif,  S.F.) 


joim  D.  Marshall,  Jr.,  COL,  MS 
Ph.D.  (Univ.  of  Maryland) 

Jerald  F.  Baker,  LTC,  MC 
M.D,  (Univ.  of  Michigan) 
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Chief  Nurse 


Metabolic  Laboratory  Division 
Chief 

Department  of  Tropical  Medicine 
Acting  Chief 


Depertacnt  of  Biomedical  Stress 
Chief 


Barbara  Nylund  Morgan,  CPT,  UC 
II. D.  (Univ.  of  New  Mexico) 

Ph.D.  (George  Washington  Univ.) 

Cynthia  H.  DeSoaery,  CPT,  AN 

U.S.  (Univ.  of  Calif,  San  Francisco) 

M.S.  (Univ.  of  Wash.) 

Barbara  Brisentlne,  CPT,  AN 
B.S.  (Univ.  of  Maryland) 

Mary  Jo  Romano,  CPT,  AN 
B.S.  (Villunova  Univ.) 

Jacqueline  Stewart,  GS07 
B.S.  (Univ.  of  Colorado) 

Lucille  D.  Merger,  CS07 
B.S.  (Univ.  of  S.F.) 


Louis  llaglcr,  COL,  MC 
K.D.  (Univ.  of  Colorado) 


Ruth  Lynn  Hooper,  CPT,  MS 
Ph.D.  (Kansas  State  Univ.) 

Robert  A.  Wirt*,  CPT,  MS 
Ph.D.  (Kansas  State  Univ.) 

Anthony  J.  Luxzio,  CS14 
Ph.D,  (Kansas  State  Univ.) 

Henry  K.  Wilson,  CS12 
Ph.D.  (Rutgers  Univ.) 

Louis  C.  Rutledge,  GS12 
M.S.  (Univ,  of  Maryland) 


Bdwin  S.  Beatrice,  LTC,  MC 
M.D.  (Albany  Medical  College) 
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John  Dt  Turnbull c  C'PT ,  MS 
»h.D.  (Ohio  State  Univ.) 

Martin  D.  Green,  CPT,  MS 
Ph.D.  (Uniw.  o£  Calif,  L.A.) 

Chari*.-  W,  Kraut,  CPT,  MS 
Pit.!),  (Hichip.-in  State  Univ,) 

Michael  H,  Dong,  1LT*  HS 
H.Ph.  (Univ.  of  Calif,  L.A.) 

George  J.  Klain,  GS14 
Ph.D.  (Univ.  of  Illinois) 

David  U.  Milne,  GS1J 
Ph.D.  (Oregon  State  Univ.) 

Mark  M.  liashor,  GS12 
Ph.D.  (Vanderbilt  Univ.) 

Stanley  Onaye,  GS12 

Ph.D.  (Univ.  of  Calif,  Davis) 

Jerry  Ann  Tlllotson,  GS12 
M.S.  (Univ.  of  Minnesota) 

Lvclyn  L.  McGovn,  GS12 
Ph.D.  (Univ.  of  Minnesota) 

Paul  P.  Waring,  GSJl 
II. S.  (Loyola  Univ.) 

Killian  R.  Wise,  Jr.,  GS11 
M.S.  (Oregon  State  Univ.) 

Carolyn  H.  Levis,  OSUV 

M.S.  (Univ.  of  Calif,  Berkeley) 

Hie  liar  d  J.  O’Connor,  CSOV 
M.S.  (San  L’iego  State  Univ.) 


Food  Hygiene  Divieiou 
Chief 


John  T,  Fruin,  LTC,  VC 
DcV.M.  (Univ.  of  Illinois) 
Ph.D,  (Purdua  Univ.) 
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Stephen  L.  Taylor*  GSld 
Ph.D.  (Univ.  of  Calif,  Davis) 

Lllcn  K.  Lieber,  GS11 

ll. S.  (Univ.  of  Calif.  Los  Angeles) 

Linda  Guthortz*  CSOy 

M;S.  (San  Francisco  State  Univ.) 


Bioenergeticts  Division 
Acting  Chief 


R*rlioiaocopc  Division 
Chief 


Departuent  of  Itebicinc 
Chief 


Hunan  Studios  Division 
Chief 


Ueraau  L.  Johnson,  GS14 

Ph.D.  (Virginia  Polytechnic  last.) 

David  D.  .  ohnakenbarg,  HAJ,  MS 
Ph.D.  (Univ.  of  Calif,  Davis) 

Robert  L.  Morris,  MAJ.  HC 
11. D,  (Tcopie  Mati.  School) 

Mary  J.  Kretsci.,  GS12 

Ph.D.  (Univ.  of  Calif,  Berkeley) 

Hubert  D.  Fults,  Gf 11 
U.S.  (Univ.  of  Colorado) 


Robert  L.  Morrissey,  MAJ,  VC 
D.V.H.  (Univ,  of  Illinois) 
Ph.D.  (Cornell  Univ.) 

David  T.  /.clock,  CPI,  MS 
Ph.D.  (Penn.  State  Univ.) 


Robert  H.  Haruun,  COL,  MC 
11. D.  (Univ.  of  Illinois) 


San  F<  Hull,  MAJ,  MC 

M.D.  (Baylor  Collegr  of  Medicine) 

Clara  L.  Miliar,  LTC„  AHSC 
B.A.  (Florida  .'fcH  Univ.) 

Daniel  D.  Hikle,  MAJ,  MC 
H.D.  (Univ.  of  Penn.) 

Ph.D.  (Univ.  of  Penn.) 
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Director 
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Cowman  der 

US  Army  Medical  Research 
Institute  of  Infectious  Diseases 
Fort  Oecriek  Frederick,  MD  21701 


Director  of  Defense  Research  and  Engineering  Commander 

aTIWi  Asst  D«r  (Environmental  and  life  Sciences)  US  Army  Research  Institute 

Wrahinf.on,  DC  JOiOl  of  Environmental  Medicine 

Natkk.  MA  017A0 


The  Surgeon  General 
ATTN:  DASGTLO 
Washington,  DC  i'03'«4 


Si,  win  ten  den: 

Acad'-.-ny  of  Health  Sciences 

US  Army 

ATTN:  AHS-COM 

Fort  Sar.  Houston.  TX  7S734 

Assistant  Dw. 
lost  ft  Hxh  Support 
Uniformed  Services  University 
of  *lr»lth  Sciences 
691"}  Arlington  Road 
Bcthesda.  MD  2 >014 

Commander 

US  Army  Enironrxntal  Hygiene  Agency 
AfrlvVen  Proving  Ground.  MD  21070 


Commander 

US  Army  Institu.e  of  Surgical  Research 
Brooke  Amy  Mea'cal  Center 
Fort  Sam  Houston,  TX  782  34 

Commander 

US  Army  Institute  of  Dental  Research 
Washington,  DC  200)2 


Commander 

US  Army  Medical  Bioengineering 
Research  &  Development  Laboratory 
Fort  Dctrick,  Frederick,  MD  21701 


Gtmmaodcr 

US  Army  Acromedical  Research  Laboratory 
Fort  Sucker,  AL  36362 


US  Army  Research  Office 
ATTN:  Chem  A  Bio  Sci  Dtv 
F.O.  Box  1221 

Research  Triangle  Park.  NC  277 09 


Biological  Sciences  Division 
Office  of  Naval  Research 
Arlington,  VA  22217 


Director 

US  Army  Bic.nvdical  Laboratory 
Aberdeen  Proving  Ground 
Edge  wood  Arrsnai.  MD  21010 

Commander 

Naval  Medical  Research  Institute 
National  Naval  Medical  Center 
ftcthcsda,  MD  20014 


Dkectcr  of  Lite  Sciences 

USAF  Office  of  Scientific  Rcirarch  (AF5C) 

Boling  AFB  • 

Washington.  DC  20332 


Cota  mender 

USAF  School  of  Aerospace  Medicine 
Aerospace  Medical  Division 
Brook*  AFB.  TX  78233 


Commander 

USAF  Aeromedical  Research  Laboratory 
Wright-Pattmon  AFB,  OH  43433 
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